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PREFACE 


Durino a conneetion of thirt^n years with the Department of 
Hygiene and Bacteriology of the University of Chicago, the author 
ev()lved a course entitled “The Sanitary Aspect of Milk Supplies.” 
This course included ialxtratory work in which the student was 
made familiar with the most important methods for carrying out 
sanitary milk examinations. Parallel with this work a series of 
lectures was given covering the physical and chemical proper¬ 
ties of milk; the biology of milk, including bacteriology; and 
methods of producing, handling, and distributing milk. The 
material for these lecturre was gatherecl from Iwoks and a large 
numlK;r of original articles. Thus the foundation for the pr(>scnt 
book was laid. 

The author does not claim that the subject has been exhaas- 
tively treated. It is quite probable that some of the many mono¬ 
graphs have la'en overlooked, and suggestions from authors of 
the same will 1 k' received with gratitude. A took on milk which 
would'cover the subject to the minutest detail would to in the na¬ 
ture of an encyclopedia and would suffer in interest for the reader. 
However, those interested in the milk problem, whe'ther phys¬ 
icians, sanitarians, sbidents, or pronucers, will find that nearly all 
the questions occurringthem have toen touched upon, and for 
the benefit of those who wish to follow up any particular avenue 
in this v.ast subject a bibliography has been appended to each 
chapter. This bibliography is sufficiently complete to serve as a 
starting-point for further study. 

I have toen aid^d in the preparation of this book by several 
of my friends whoso kindness it is a pleasant duty to acknowledge. 
I am chiefly under obligations to Doebir Lsaac A. Abt and Doctor 
A. Levinson, who are authors of the chapter on “Milk and its 
Relation to Infi^t Feeding.” Doctor Henry L. Coit had kindly 
consented to critically read the chapter on “Certified Milk,” 
but his lamented demise rendered the fulfilment of this promise 
impossible. Professor A. ,1. Carlson made some pertinent criti- 
cismstfn the “ Pl^ysiology of Lactation.” - 

• My thanks are due to Profes^rs Edwin 0. Jordan and Norman 
MacLeod Harris for valuable suggestions, and to Doctor Mary 
Hefferan for critically reading the first manuscript. 
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1 am under the deepest obligations to my wife, whose help 
and indefatigable enthusiasm have made the completion of the 
manuscript possible. 

The illustrations were taken largely from tooks and mono¬ 
graphs, to the authors of which I offer ray gratitude. Due ac¬ 
knowledgment. of the source is made in each instance. Illustra¬ 
tions of apparatus were kindly furnished by manufacturers or 
dealers in such articles. Finally 1 wish to thank the publishers 
for their interest and courtesy in all dealings. 

P. 0. Heineman. 

WooDwoiiTH, Wisconsin, 

July, IftlO. 
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HISTORICAL 

If we take a survey of evolution in the animal kingdom we 
are impressed with the observation that the higher the stage at¬ 
tained, the more dependent arc the newborn on their parents- 
Especially is this apparent in the inability to procure and assim¬ 
ilate food. Nature has provided for this deficiency by furnishing 
the maternal parent with the means of producing suitable nourish¬ 
ment during the necessary period, thus enabling the young to ob¬ 
tain the rao.st fundamental necessity fof maintaining life. This 
food is the fluid secretion of the mammary gland—milk. 

In later discussions it will be shown that each mammal pro¬ 
duces milk of a composition peculiarly suited to its offspring. 
However, all kinds of milk contain the essential elements necessary 
to support life, even though the relative proportions of these ele¬ 
ments vary. Therefore milk from any matnmal must have a 
high nutritive value for man. It seems natural enough today to 
use the milk of other mammals for our own food, but in all prob¬ 
ability many ages passed l)efore man learned to do aj. 

It seems impossible to ascertain at what period man l)egg,n to 
utilize milk from other‘mammals. We have learned much of 
man’s past history previous to the introduction of historic records 
by study of ancient tools and implements which have been dis¬ 
covered. Whether these tools and implements were used for 
peaceful occupations or for aggressive and defensive warfare is 
immaterial; in any cdse they have aided us in forming conceptions 
of the mode of life of prehistoric man. Among these implements 
the churn is pre-eminent. The chum has been a constant com¬ 
panion of man throughout his forward struggle, and its efficiency 
has been developed in answer to man’s needs and progress. Its 
history has been*compiled in a most interesting book by Benno 
Martiny, entitled “Kime and Girbe.” “Kime" is derived from 
the Finnish word Kirnu, and means chum, chiefly the immovable 
chum., “Gi|bc” means the Arabian ^rba oj; Idrba, which is a 
hose made of leather and used for containing milk, wine, and other 
liquids. JThe following brief historic outline is taken largely from 
tMs book. 

a n 
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The churn for making butter was used by early tribes in Africa, 
America, Australia, the Southsea Islands, Asia, and Europe. 
It was not used by the Mongolian race, notably the Chinese and 
the Japanese, and the inhabitants of northern regions with cli¬ 
matic conditions unsuitable for cattle raising. 

It is difficult to imagine by what accident it was discovered 
that the udder of wild animals might yield milk for human use. 
Hunting was a favorite occupation in former periods, and it is 
possible that a lactating deer trapped by a hunter was the first 
mammal from which man obtained the food intended for its own 
offspring. However that may be, the use of milk became general 
among ancient peoples. The primitive method of catehing milk in 
the hollow of the hand soon gave way to the use of vessels made at 
first of clay, but later of wood and metal us well. 



Fig. 1.—Primitive earthenware churif (Beiino Martiny). 


Milk products, also, were probably discovered by accident. 
Simple teating of milk that had turned sour by standing, separated 
butter, and this find led to the construction of simple devices for 
the regular production of butter. • 

The art of butter making originated in Asia and Europe and 
was communicated from there to other parts of the world. The 
tribes which were not in contact with Asiatic or European civilizar 
tion never learned the use of butter and still live by hunting and 
gathering vegetables. We have no clear indicafion in what part 
of Asia or Europe butter making originated. Some records seem 
to point to Asia as the source of this art, while others seem to 
show that cattle and honses—the animals which are thg chief 
sources of milk—were originally tamed by man in Europe. Per¬ 
haps we come nearest the truth by assuming that cattie raising 
and milk production started simultaneously in different localities, 
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and that butter making developed independently in regions con¬ 
siderably removed from each other. 

The object of the churn is the separation of the fat in milk 
from the other constituents. Tliis is accomplished in one of two 
ways—either the chum itself is agitated and with it the contents, 
or the contents are agitated in a stationary vessel (Fig. 1). 
Which type of churning is the more ancient it is impossible to say. 
When the churn itself is movable, the agitation is caused by 
swinging back and forth or by complete rotation. Primitive 
people collectcKl the milk in skin or leather bags and swung these 
bags to and fro. Later churns were built on rockers and rocked 
back and forth. Still later the churn was hung on central pivots 
and by means of a handle turned completely over, ('burning in 
stationary vessels is now accomplished by .some internal stirring 
device. There arc also churns in which agitation is causerl by in¬ 
troduction of air. 

Records from East India show that butter was ustnl at least as 
early as 2(HK) B. ('. The jxiople estinsitcsl the value of their 
cows by the (luantity of butter derived from them. Butter was 
held in high esteem and was used for tlieir holiest sacrifices. The 
ancient Hebrews preserved milk in hose* made of leather. Whether 
th(\y u.s(*d butter or not is uncertain. The word “chernah,” which 
occurs often in the Scri[)tures, means “thick milk,” and may 
stand for butter or cheese, or a mixture of both. In Arabia it was 
customary to take milk curd on journeys. The curd was pre¬ 
pared by pouring loppered milk into a bag, and as the whey passed 
out more loppered milk was poured in (Fig. 2). The curd was 
mixed with water, when wanted, and furnished an agreeable, 
cooling beverage. • * 

Among the Scythians, the nomadic tribes in European and 
Asiatic Russia, mare’s milk was gathered in wooden vessels and 
agitated, according to descriptions of Herodotus and Hippocrates. 
These authors seemed to believe that the Scythians used butter, 
but these tribes also prepared a fermented milk from mare’s milk, 
known by the name kumiss, and probably the original descrip¬ 
tions confounded this with butter, since mare’s milk is too poor in 
fat to permit of successful butter making. 

The ancient Greeks did not use butter to any great extent at 
the time of the Christian era. However, butter was known to 
them, and investigators believe that the word “butter” is de¬ 
rived from the Greek “pahrvim” although this word really means 
“/joipff” = ox, and “tviM’ = cheese or curd. They made cheese 
from goat’s and* sheep’s milk, and much ^ater butter from 
cow’s milk. Their butter contayjed a large proportion of curd, 
and the 5reek ‘‘^oOnpm” therefore ifieant in reality “coagulated 
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milk. Jhis corresponds to the Polish “tvarog,” the Prussian 
zwarg, the German “quarg,” the Latin “lac concretum, com- 
pressum, or coactum,” and the English “curd” or “green cheese.” 
It also agrees with Pliny's definition of butter-“milk foam contain¬ 
ing fat. It 18 not surprising that at those times Imtter and 
cheese were not clearly differentiated. As late as the middle of 
the eighteenth century it was thought that butter and cheese 
were fundamentally composed of the same substance. The as- 
sumed difference was that butter contained more oil than cheese 
did. It 18 quite probable, then, that the earliest butter made al- 



2.—Leather c hurn (Benno Martiny). 

for *‘T*’r-* animals and 

fhntTp fr'’™'^y‘'‘fT~““* ^ producers—it seems likely 

mihTv f Tu people, 

Thracians. The use of butter by the Thracians 
was reported by Anaxandrides nearly 400 years B. C 

back '"«|er" Portugal, the usg of butter, dated 

1" the •second 

nX the making of butter, but recognized it 

only as a medical remedy. As a matter of fact, butter was used 
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by ancient people more generally as a remedy than as food. It 
was a common excipient for ointments. In Spain in the seven¬ 
teenth century butter was sold by ajwthecaries for external use 
only. Even at present fresh unsalted butter is applied ^ a relief 
for burns, and in England and Scotland large quantities are used 
for smearing sheep. This is done to combat skin diseases, destroy 
vermin, and give protection against dampness and cold. 

Cffisar reporte<l that the Germans used only milk, cheese, and 
meat for food, and Tacitus stated that their food consisted chiefly 
of fruit, fresh game, and loppered milk. Butter was not men¬ 
tioned. At the same time the inhabitants of Britain used meat 
and milk, and in sjjite of a lilieral supply of milk did not know how 
to make cluiesc. Pliny wrote of the Friesians as living on milk 
and stated that tlicy knew little of clu'cse and butter making. 
Still, the Friesians later practised dairy methods which for a time 
were the most advanced in Europe. Such accounts, of course, do 
not exclude the possibility that butter and cheese were known, 
but their use was so limited as to escaiie observation. 

In France, alniut WK) A. I)., butter was included in the dishes 
of the rich, but was rather difficult to obtain. In Norway that 
commodity was commonly included in the larder of outgoing ves¬ 
sels as early as the eighth century. Butter In'camc an important 
article of commerce iji Scandinavia in the twelfth century, and the 
< lennans would travel to Bergen to exchange wine for butter and 
dried fish. In Norway the trade in butter was highly developed 
at the end of the thirteenth century, a fact that points to the 
as.sumption that butter must have been known in Norway in very 
ancient times. In the fourteenth century butter was extensively 
made in Prussia. In En^and the dairy industry began to develop 
about, this time, but butter was used only exceptionally even in the 
sixteenth century. 

Pallas, in 1776, described butter making by Mongolian Kal¬ 
mucks, who used cow’s or sheep’s milk and boiled it before churn¬ 
ing. 'The boiled milk was inoculated with sour milk and churned 
within twenty-fo>ir hours. It was thus preserved in leather bags, 
which were never washed. Their churns were made of leather. 
Thus we see that the method of making butter from heated milk, 
with the addition of a natural starter, is really an old process. 
The Tartars on West Siberia made a fermented milk and distilled 
an intoxicating beverage from it which resembled brandy. In 
Italy butter making was always of less importance than cheese 
making. In 189> Italy produced 68,700,000 kilograms of cheese, 
agbinst 16,700,000 kilograms of butter. 

The Oirliest forma of churns* consisted simply of vessels in 
which the jream was beaten with club-shaped sticks; or sticks 
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which had perforated disks fastened at the ends were moved vio- 
lentJy up and down, Sucli primitive churns were still employed 
in ihe nineteenth century, and probably can be found in use at 
the present time. In earlier periods the vessels were made of 
earthenware, but later wood was substituted. Mechanical means 
for increasinK power were devised centuries ago. Levers were 
attached and worked by foot power. Dogs in treadmills and 
horses pulling large horizontal overhead wheels furnished power for 
larger dairies (Figs. 3-6). Gradually the modern forms of churns 
were evolved, among which the barrel churn is probably the 
most common. In this country the earliest patent on a churn was 
iasued in 1848. The North American box churn has also lieen 
popular. Both the barrel and box churns are turned by handles. 



Fig. 3.—Wooden hand churn (Benno Martiny), 

or, if they arc stationary, the churning is accompliished by turning 
an internal sturing device. In modern tijnes large creameries 
have steam or gasoline power, and chums which combine the 
making and working of butter are manufactured. Metal has taken 
the place of wood. 

The dairy industry in England was highly developed toward 
the end of the eighteenth and the beginning of the nineteenth 
centuries. Benno Martiny considers England the leading dairy 
country during this period. In his book, ‘‘Vor Hunderd Jahren,” 
he gives an account of dairy conditions in England which reveals 
many interesting features. It seems that at that time tha-e were 
a number of agricultural societies in existence whose object it 'iras 
to promote the farmer’s interwts, including dairy practices. A 
number of publications are mentioned in Martiny’s^book which 
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show the (qeat interest taken in dairy work. The problem of 
supplying milk to the city of London, with a population of 1,079,000 



Fig. 4.—Churn oporatid by foot power (Bfiino Martiny). 

in 1801, was solved by keeping a large number of cows within the 
city. Transportation in* those times was too slow for ttie milk 



Fig. 6.—Chum operated by dog in treadmill (Bemio Martiny). 

business and the surrounding country could not furnish a satis¬ 
factory quantity of milk. About one-third of the total supply 
was derived from city cows. 
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It is surprising to discover that methods which are advocated 
as innovations, in reality originated at earlier rimes. Compe¬ 
tition among milkmaids was encouraged more than a hundrM 
years ago by dairy farmers in England. The maid who drew the 
largest amount of milk from her cow was given extra pay. At¬ 
tention was given to construction of dairy buildings with a view 
to cleanliness. It was not uncommon to find that a special room 
was assigned to butter making, another to cheese making, a third 
to washing and .cleaning utensils, etc. It was recognized that 
milk must lx; cooled, and when cold water was not available ice 
was used. The milk was cooled to between 50° and 55° F. Cow 



Fig. 6.—Chum operated by horse-power (Benno Martiny). 


.stables were built to give light and air to*the animals and the 
milkers were instructed to treat the cows kindly. Most interest¬ 
ing is a description of a sanitary dairy, the Willow-bank dairy, in 
Glasgow, owned by William Harley. The object of this dairy 
was to furnish a perfect milk to the population oj Glasgow, and We 
find that Harley recognized a number of points as important for 
his purpose, points which sanitarians are contending for to this 
very day. The stables were large, well aired, well lighted, and 
cleanly. The cow* were kept well fed and clegn. The best ob¬ 
tainable vessels were employed and the milkers had to be clean. 
Suitable food was selected and dry fodder was given enly after 
milking. Accurate records of each cow were kept to ascertain her 
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productiveness. The manure was promptly removed from the 
stables and spread on the farm as fertilizer. 

However, after a number of years of prosperity, the enterprise 
failed due to the financial depression following the Napoleonic 
War, and it was not revived liecause of the apathy of the public. 
Milk was milk in tliose days as, unfortunately, it still is with many 
people today. 

The quality of the supply sold by Harley was an exception. 
The majority of producers and dcalere adulterated the milk in a 
shameless manner. In the salesroom of a dairy a puntp—“the 
cow with the iron tail” of Dickeiis—was an almost universid nccee- 
sity to aid the dealer in filling his cans with water. Not satisfied 
with diluting the milk, the dealer would remove some of the cream 
lieforo selling the product. Prevention of these habits was difficult 
in those tinxis, since reliable metlxMls of testing milk were not 
known. It is true that a tactometer had be<‘n invented in the 
last dccaile of the eighteenth century, but its value was not ap¬ 
preciated. Milk commonly sold had a Specific gravity of 1.0233 
to 1.021)7, or if skimmed, only 1.0173 to 1.0213. These abuses led 
to the enactment of a law in 1800 entitle<l; “An act for preventing 
the adulteration of articles of food.” 

Butter and chw'S(' were made in large quantities in England 
during this i)eriod. Butter was made from sour cream and a 
variety of cIkh'.sc's were made to which few have been added up to 
the inesent. Cream chcH'se, Cdoiicester, Chester, Cheddar, Stilton, 
Pineapple, Sago, Dunlop, and Wensleydale cheeses were marketed. 
The methods employed were empirical, of course, but protests 
against such methods appeared. Thus Henry Holland criticizes 
the utter lack of prccisidli in manufacture. He suggested that a 
cheese experiment station be established under the control of the 
Board of Agricidture and under the management of a person well 
skilled in chemistry, “that something like scientific principles 
might be discovered on which to conduct the process.” Another 
utterance of a similaf nature by William Aiton is this: “The dairy 
maids 'jiractice what they have seen done by others without the 
least attention to chemical experiment. The temperature of the 
weather, that of the milk house, or of the milk when coagulated, 
the quantity of i|innet and of salt, etc., things of the first impor¬ 
tance, which ought to lie ascertained and executed exactly, on 
chemical principles, are conducted altogether at random.” 

It was recognized that clean milk will not sour as rapidly as 
dirty wilk. The.vessels should l)e rubbed wiUi boiling water and 
then dried in pure air and in the sunshine. “A dairy maid should 
not sit d*)wn under a cow with h pail which a fine lady would 
scruple to cool her tea in.” These suggestions were published in 
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1750 in Complete Husbandry. In 1750 experiments were made 
in aeration to remove objectionable odors in milk. Furthermore, 
suitable temperatures for keeping milk (50° F.), for churning (60° 
to 70° F.), and for coagulating milk for cheese making (90° to 
100° F.) were given. 

In 1790 J. Anderson published rules for successful dairying, 
which may be briefly summed up as follows: 

1. Difference of milk constituents of cows depends upon the 

race. 

2. The amount of milk changes during lactation. 

3. Milking three times daily yields a greater amount of milk 
than milking twice. 

4. C'areful, cleanly milking stimulates the milk glandsj care¬ 
less methods lead to smaller activity. 

5. Fore-milk and strippings are distinguished by difference in 
cream content and quality of the skimmed milk. 

6. After the cream has risen it loses in quantity and quality 

on standing. * 

7. Addition of water to milk facilitates the rising, but reduces 
the quality of the cream. 

8. If milk is creamed after milking and while warm there is 
more and richer cream obtained than when the milk is trans¬ 
ported and c(X)lcd. 

9. Milk of old cows is salty only during the first half of 
milking. 

10. For creaming, the temperature may be 40° to 60° F., but 
the l)est temperature is from 50° to .55° F. 

11. The quieter the milk, the more complete is the cream sep¬ 
aration. • 

12. Churning is best carried out by a phlegmatic person, who 
works quietly and steadily. No one else should l)e permitted to 
touch the churn, cs|iecially no young penson. 

13. Butter must be freed from buttermilk by working with a 

wooden spoon and without water. * 

14. The utensils u.scd in creaming and churning sweet cream 

should be cleaned in the following manner: After churning the 
butter and buttermilk they should be filled with hot water and 
brushed with a wire brush or other stiff brush then they should 
be washed with lukewarm water and wiped with a cloth. After 
tliat they should !» turned upside down and wiped dry with a 
cloth and then exposed to the sun, or in wet weather to a fire to 
hasten drying. • , , 

After churning sour cream the vessels should be scrubbed with 
hot water containing potash oV caustic lime and then* stood for 
some time, filled with the cleaning solution. After tha( they 
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should be filled with hot water, and after standing from ten to 
twelve hours, treated as after churning sweet cream. 

15. For preserving butter conical vessels are best suited, be¬ 
cause they prevent holes from forming when the butter settles. 

16. Explicit directions are given for salting and treating butter. 

17. Directions are set down for building a suitable dairy house 
with an ice-chest. 

These directions show a profound knowledge of dairying, 
although some of the directions arc based on faulty assumptions 
and do not hold in the light of modern knowledge. 

This brief outline of the history of dairying shows that butter 
has assumed its present p(jpularity ns an article of food in rela¬ 
tively recent titties. As a matter of fact, it is even now not as es¬ 
sential among inhabitants of tropical countries as among those in 
cooler latitudes. No doubt its instability in a warm climate is a 
discouraging factor, detracting from its general usefulness. More¬ 
over, in southern climates cow’s milk is, usually, not as rich in 
butter-fat as in northern localities. In Cuba, for example, butter 
is .served chiefly in the beat hotels, especially in those that cater to 
American travelers, and the quality is not of the highest grade. 
This butter is imixirtcd, since the milk of native cows is not rich 
enough for butter making. 

It has lieen proved that butter, whatever its quality and com¬ 
position, was included in the diet of man in remote periods, and 
this fact is a safe indication that milk—other than human milk— 
has served as food for a long time. Dairy products—butter, 
cheese, buttermilk, fermented milks—probably were the result of 
accidental fennentations of left-over milks. A study of the kinds 
of cheese and the kinds of fermented milks most popular among 
different peoples show's that there is enough variety to lead to the 
assumption that they were developed independently. This fact 
confirms the hypothesis, previously advanced, that the dairy in¬ 
dustry was initiat-e^i simultaneou.sly in different parts of the 
world, or at least at the periods corresponding to definite stages of 
civilization. Perhaps the period when man changed from roaming 
habits to agricultural pursuits can lie taken as the starting-point 
of dairying. 

However thia»may be, progress was necessarily slow. Rapid 
development of efficient methods in the dairy industry is of rela¬ 
tively recent origin. Even today dairy methods in general are 
not as highly developed as methods in other industries; and this 
in spit* of the fact that the dairy furnishes thff most valuable food 
krfowh to mankind. Furthermore, the quantity of food derived 
from daily products far outstrips‘that of any other food. 

Saeitar^ precautions in milk production are of still more recent 



origin if we overlook a few sporadic cases of earlier times. I 
“Kime and Girlie” there are some interesting pictures of prevailing 
conditions, as, for avample, butter making on the island of Guernsey 
in 1891. Churning is carried on in the open air, with no preten¬ 
sion to cleanliness or cleanly surroundings (Fig. 7). Another pic¬ 
ture shows a nude Hottentot milking a cow while another one is 
holding the tail of the cow to prevent its dropping into the open 
pail (Fig. 8). This picture might well serve as a model to some 
modern producers who do not take such precautions and calmly 
lift the tail out of the milk with their hands when it happens to 
switch into the pail. A later picture shows a modern, well- 



Fig. 7.—Butter making on the island of Guernsey (Benno Martiny), 


equipped creamery with up-to-date machineijy, tile floor, tile walls, 
and cleanliness apparent everywhere (Fig. 9). 

In this day of machinery and power progress in the dairy in¬ 
dustry is more rapid than a few deeades ago. In spite of ultra- 
conservative methods a notable improvement is apparent when 
conditions of today are compared with those prevalent during the 
earlier part of the last century. Adulteration and dilution of milk, 
which was the rule a hundred years ago, is now the exception, and 
introduction of modern machinery has encouraged production on 
a large scale. Ste&m power in large plants and gasoline pfewer on 
the farm do the work of man, horse, and dog of former tithes. 
The cream separator has faialitated butter making f clarifiers, 
coolers, bottling, and capping machines have made production 
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and handling of large quantities of milk possible. 'Furthermore, 
transportation facilities bring the milk to our door from a distance 
of several hundred miles in better condition than was possible 
in times without the benefit of rapid train service. 

Science has found means of recognizing adulterations and 
watering -of milk. Bacteriology has shown that micro-organisms 
are inevitable in milk, but that the harmful ones can lie eliminated 
or prevented from gaining access with reasonable certainty chiefly 



Jig. 8.—Hottentot milking a cow (Benno Martiny). 


by boiling or paaieurizing the product. Bacteriology and mycol¬ 
ogy have enabled us to improve and control the quality of dairy 
products. This has aided in expansion of the industry and in ob¬ 
taining reliable results. We have well-defined laboratory means 
at ouredisposal which further the industry and rid the market of 
unsatisfactory products. However, much is still obscure and 
more can»be accomplished by scientific research, suitable legisla¬ 
tion, and proper enforcement of regulations. 
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But legislation is effective only when based on sound, scientific 
knowledge and judgment ripened by experience, and its greatest 
support is the education of milk producers, distributors, and last, 
but not least, consumers. 

The past and the future of the dairy industry has Ijeen well 
described by Dr. Charles Cristadore in an article on “Certified and 
Pasteurized Milk,” abstracted in the American Journal of Public 
Health, as follows: 

“1. Neglect age (meaning anything and everything unsanitary) : 
Filthy stables and as filthy cows; dust, flies, unclean cans and 
pails, and unclean milkers perhaps using unclean milking methods, 
and careless cooling and storing of the milk. 



Fig. 9.—Modern creamery (Benno Msrtiny). ’ 


“2. Water age: When 25 to 50 per cent, of water was added to 
the milk to make it hold out. 

“3. Skim age: When all or part of the cream was skimmed and 
kept at the farm, and the milk sent to town. 

“4. Preservative age: When salicylic and bone acid were used, 
and then formaldehyd, to keep the milk chemically sweet. 

“5. Tuberculosis age: When milk was found to te, through the 
bovine bacillus, a Vnnsmitter of the white pla^e. , 

“0. Pasteurization age: When all uncertain milk was made safe 
through application of heat, 145° F. for thirty minutes,, correctly, 
honestly, and thoroughly done. 
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“7. Golden age: When all milk shall be ‘certified’ in the full 
and sanitary sense and meaning of the term as to environment 
and methods, machine clarification to take place immediately 
after the milking, when the milk is fresh from the v' . and before 
germ multiplication has commenced, either from the foreign matter 
or from the slimes already present in the milk; then cooling and 
bottling at the farm, pasteurization after bottling, to make assur¬ 
ance doubly sure.” 
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THE PHYSIOLOGY OF LACTATION 

The complex nature of milk has long aroused man’s curiosity, 
and several speculations have been handed down to us by ancient 
philosophers. Emixwlocles, for instance, considered milk as 
“white pus,” a view which recalls statements made by several 
modern authors, who have regarded milk secretion us the result 
of a pathologic process, evidenced by the presence of large numbers 
of leukocytes in the early product of the mammary glands. Aris¬ 
totle thought that milk consisted of “parboiled substances from 
the blooil.” He nyisoned that milk originated from the same 
food material that served to nourish the fetus, a view entertained 
today. Pfaundler—a modern investigator—defines milk, as “the 
product of adaptation of the maternal system to the fetus.” The 
fetus withdraws food in increasing quantity from the mother and 
the maternal system resiKinds to this loss of substance by overpro¬ 
duction, a theory similar to the overproduction theory of Weigert. 
After birth the mother continues to produce these food substances, 
which are then transformed by the mammary glands into milk— 
the food for the newborn. 

Milk is the characteristic production of mammals, but there 
are marked differences laitwcen the milks of various species. 
The fundamental sulistances—protein, milk-sugar, fat, and mineral 
matter—resemble each other, but their quantitative relation is 
not Uie same. The fat content especially is greater in some milks 
than in others, while protein, sugar, ana mineral matter vary in 
les^r degree. The differences are both quantitative and quali¬ 
tative. The mother furnishes the food to the young as the latter 
demands it, and we can understand, therefore, why the composi¬ 
tion of milk should be particularly adapted Ip the nourishment of 
the young mammal. The milk of mammals whieh require large 
heat energy contains much fat; for example, in the milk of the 
whale and dolphin the fat makes up about one-half of the fluid. 
In any case, milk is a perfect food for early life, and since each 
mammal has characteristic requirements the* substitution of 
milk from one species for milk of another may bring disappoint¬ 
ing results unleas special precautions are taken, such as cleanly 
production and suitable modification. 

Pfaundler suggests the idea that milk may fee regarded as an 
Mtibody elaborated by the maternal system in response to fhe 
introduction of a foreign body' meaning the spennateftoa. Ac- 
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cording to this view milk would be an adaptation product o| the 
mother to the growing embryo. It should be remembered in this 
connection, that the digestive trMt of the newborn has not yet 
entered upon its natural function. Hirth says that milk is a living 
substance, contains living protein, has the temperature of the 
living mother, and therefore is an aid to the young in assimilating 
food which the undeveloped digestive tract is unable to accom¬ 
plish. This idea of “living milk” should not be confused with the 
“life of milk” of some authors, who regard the fennents in milk 
as the cause of this “life.” According to Hirth’s view, milk is not 
only a food, but furnishes the tools for assimilation in the young 
digestive tract. Whether these “tools” will remain in the domain 
of hypothesis or be really demonstrated is a matter for the future 
investigator to decide. 

Mammary glands are the scat of milk formation and secretion 
and are characteristic of mammals. They occur in parallel rows 
and their location is determined by the habits of the young in 
taking food; in short, they offer the mostsegnvenient method of 
feeding. The numl)er of glands is not the same in different species, 
and corresponds to the number of young usually Ixjrn in one litter, 
varying from one to twenty-two pairs. Most quadrupeds have 
mammary glands on the abdomen; man and apes have them on the 
breast, while cattle carry them nearer the region of the genital 
organs. Usually the size of t he glands is approximately the same in 
an individual. In the human, however, the left gland is frequently 
larger than the right, possibly because the baby is preferably held 
on the left arm so as to keep the right arm free. 

Sometimes unusual conditions prevail and cause a unique loca¬ 
tion of the mammary glands. In some monkeys, for example, 
they are near the armpits; marsupialia have them in their pouches, 
while the hippopotamus and myopotamus have them on their 
backs, so that the young can obtain food while the mother is 
swimming. 

Mammary glands are part of the anatomy of both sexes.. In 
the male, however, they do not develop, as a rule, to the stage of 
actual milk secretion. There are some exceptions reported on 
good authority, although some reports may be legendary. There 
is the often cited example, report^ by von Humboldt, who during 
a journey in South*America spoke to a man forty-five years of age 
who told him that thirteen years previously he had nursed his son 
for five months. The mother was ill and the child accidentally 
sucked Jhe father’s breast. This stimulated ja milk secretion 
which sufficed to feed the child for five months. More recently 
R. C. Crea^ reported a case of lactation from the mammary gland 
of the male. A man of Russian descent, aged twenty-foiu, was 
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in the habit of manipulating and massaging his left gland during 
his idle time, and this was the cause of milk secretion. Such 
cases are rare, of course, and the secretion, though resembling milk, 
is more watery. 

The progressive stages in the development of the mammary 
gland are well summarized by Gaines in the following manner: 

“Embryonic Stage .—The first signs of mammary organs, the • 
milk line, appears at an early stage in embryonic life, and growth 
is continued until the gland reaches a considerable development 
at birth. 

“Birth .—At birth a milky fluid may be cxpre.sscd from the 
gland in either sex (the so-called witch’s milk), indicating secretory 
activity, l)Ut this activity soon ceases and the gland remains 
quiescent until puberty. 

“Puberty .—At puberty, under the influence of the ovaries, 
growth is resumed and earned to a greater or less development, 
varying with the individual and the occurrence of pregnancy. 

“Preg7mncy induce* a great hypertrophy of the gland, and it 
reaches a high state of development, accompanied by the accumu¬ 
lation of colostrum. 

“Delivery.—By the time of delivery milk secretion proceeds 
actively, and if the milk is removed at short intervals by nursing 
or artificially .secretion continues for a period of days, months, or 
years. The rate of secretion, however, after a time gradually de¬ 
creases to zero. This decrease is favored by a succeeding preg¬ 
nancy. 

“Pregnancy .—Further growth of the gland ensues, but not as 
marked as in the preceding gestation. 

'“Delivery .—At delivery milk secretion is again actively resumed. 
Whence the pregnancy delivery cycle is repeated.” 

The mammary gland of woman increases in size during preg¬ 
nancy, especially during the second half of this period. This be¬ 
comes manifest by an appearance of fulness and a feeling of ten¬ 
sion in the brea-sts. During growth the breast sinks, owing to 
increased weight, and the veins become more prominent. In the 
first pregnancy this increase is more pronounced than during suc¬ 
ceeding ones. After lactation the gland is reduced, but never re¬ 
turns to the original size. 

o 

Formation op the Secretion 

The cells of tlje gland unload their contents into alvejli which 
take part in the formation of the secretion, milk-fat in particular. 
The fat is contained in the *ells and the larger globules appear 
at that part of the cell which points toward the lumen.* When the 
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globules are released small particle of cell protoplasm frequently 
adhere, forming “caps” on the fat globules. 

The r61e played by the cells of the alveoli may be one of the 
following: 

1. The cells are converted into secretion. 

2. Secretion is formed without alteration of the cells, so that 
secretion is not an essential part of the cell. 

3. Part of the cell is converted into secretion, but the cell 
itself is regenerated. 

The histologic condition «f the normal milk-secreting gland 
changes up to the period of active secretion. The normally clear 



I'ig. 10.—OorpiiRcIcH of Niflson (Kriist). 


protoplasm becomes lifrbid, the cells appear not to be clearly sep¬ 
arated, the nuelei enlarge, and mitosc's arc frequent. During the 
process small fat globules can lie seen and several globules adhere, 
forming mas.ses. Finally, the products of cell metamorphosis are 
discharged into tl^ lumen of the milk-ducts. lA'ukocytes and 
other body cells assemble in large numl)ers near the milk-secreting 
glands and are discharged with the secretion. At the end of lacta¬ 
tion a condition res«>mbling the, normal condition is restored. 

The jiuclei of ^ithelial cells undergo a transformation from 
which the “corpuscles of Nissen” (Fig. 10) appear. The chroma^ 
tin assemblfs near the periphery of»the nucleus and forms homo¬ 
geneous, sickle-shaped bodies. A translucent ring is formed around 
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the nucleus, and with this ring the nucleus" moves toward that 
part of the cell which faces the lumen of the milk ducts and finally 
appears in it, leaving the cell beliind. After the Nissen corpuscle 
has twn discharged the^ cell regenerates and resumes activity. 
Some obsc^rvers Micve that the Nissen corpuscles are the origin 
of casein, while others argue that they arc not formed in sufliicient 
nuralx'r to account for the amount of casein present in milk. 

There is |)os.sibly some <a)imection between leukocytes and milk 
secretion, and while this view is sometimes advanced it has not 
found much support. There is really a constant influx of leuko¬ 
cytes into the H<>crction, esjxjcially during the colostrum period and 
at the close of lactation. The significance of leukocytes is not 
underspHxl, but has given rise to the idea, mentioned in another 
connection, that milk secretion is a pathologic process or at least 
comparable to one. 

At the present state of our knowledge!—which is very nulimen- 
tary—the most acceptable idea alsnit milk secretion is that the 
cells of milk glands arfCnot destroyed, but that since milk secretion 
is an intensive process the cells arc \musually active, age rapidly, 
and therefore may degenerate (Ottolenghi). 

llELATKtN dr’ ('OLOSTRUM TO SECRETION 

During the last days before and the first days after parturition 
the .secretion is different from norm.al milk in chemical, physical, 
and biologic properties. This secretion is the colostrum milk— 
a yellowish, stiitky fluid, rich in protein and containing extra¬ 
ordinarily large numbers of cellular elements—commonly called 
colostrum corpuscles. The function of these cells has lieen the 
subject of much speculation, but, as Mated above, the view held 
at present is that they are not concerned in milk secretion. They 
are regarded rather as lieing actively engaged in reconstructing 
tissues to restore the condition preceding actual lactation. For 
this reason colostrum rellij arc present immetiiately liefore and 
after lactation has commenced and at its filose. Corpuscles have 
actually been seen in sections of mammary glands after milk secre¬ 
tion has ceased. They probably act on the remnants of milk 
constituents and render them available as food for the maternal 
system (Csemy). This function is similar to the phagocytic ac¬ 
tion in pathologic processes, and the immigration of leukocytes 
during milk secretion has given rise to the comparison of milk to 
pus. Tlirough their phagocytic action the ingested milk constit¬ 
uents are prepared for reabsorption by the syjtem. Thc^ presence 
of these cells, therefore, indicates an incomplete condition acceunt- 
ing for their appearance’both'af the commencement apd the close 
of lactation. 
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• There are evidently many links missing in the chain of our 
knowledge. Milk secretion is a complicated process, and the 
small positive knowledge we possess may Ixs summed up in the 
following manner: Epithelial cells take up material from the cir¬ 
culation and transform it into milk constituents, then discharge 
the altered substances into the lumina of alvtaili, and here the 
secretion is worked over into the finished product. The cells con¬ 
tribute from the chromatin and protoplasm part of their sub¬ 
stance to the secretion and ultimately disappear. Part of the body 
fluid enters the gland ducts, which lecoine distended and attract 
leukocytes, which, in turn, aid in the regeneration of cells partly 
by furnishing food and partly by reiiu»ving degenerated cell sul)- 
stance. With the progress of lactation the leukocytic infiltration 
increases again, and at the end of lactation cell products are reab¬ 
sorbed. 

Theories op Lactation 

The appearance of milk in the mammiiry glands has lieen as- 
crilx'd to two influences. The first of these is the increased amount 
of blood in the circulation available after the discharge of the 
fetus. The second is the presence in the blood of particular sulv 
stances which favor milk formation. 

The first influence is due to the-fact that a large amount of 
bkH)il is diverted into normal channels after the expulsion of the 
placenta. It is commonly assumed that increased blood-supply 
augments secri'tion from all glands, including the mammary glands. 
However, the importance of this influence is diminished when 
we rememlier that the blood diverted from large tumors after 
removal by operation has*not been known to increase glandtJlar 
secretions. Furthermore, milk has been actually secreted after 
premature birth when the fetus was not sufficiently developed to 
demand a large blood-supply, although in such cases the amount 
of milk secreted is smaller than under normal conditions. 

The particular substances in the blood which favor milk forma¬ 
tion may be of a stimulating nature or they may be converted by 
the mammary gland into milk. The theory is sometimes sug¬ 
gested that the mammary gland is endowed with the ability to 
secrete at aU times. It has never liecn possible, however, to 
demonstrate a secretion in the rudimentary gland of a fetus. 
This gland is the so-called milk line. Gaines reported postmortem 
examinations of two kids whose mother died two weeks before 
term, a^jd although he found the mammary ticjpue plainly devel¬ 
oped, no milk could be detected. He adds, however, that chem¬ 
ical examination for milk-sugar wasmot made, and that this might 
have shown the presence of milk in an amount too small to be dis- 
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covered by cutting the gland. We do know that a milky fluid is 
sometimes secreted from the glands of newborn infants, the so- 
called witch’s milk. This, together with the above-mentioned 
cases of .secretion from the gland of the male and occurrences of 
virgin lactation, seem to lend support to the hypothesis of perma¬ 
nent lactation ability of mammary glands. This idea is further 
borne out by Pfaundler, who has leported virgin lactation in a calf 
whose teats were sucked by its companions. A profuse secretion 
resulted, which ceased to flow when the animals were isolated. 
However, in all the.se cases the amount of secretion is small and 
contains more water than normal milk. 

There is evidence of some particular influence stimulating the 
mammary glan<ls of the mother at the time of birth when the 
gland enters on a period of full activity. It is the nature of this 
influence that must be made clear. Two hypotheses suggest them¬ 
selves and have found ardent supporters, namely, the stimulating 
substances are either purely stimuli or their stimulating influence 
is due to actual food value. 

Theories Depending on Purely Stimulating Substances.— 

Advocates of this theory assume that hypothetic substances— 
hormones—arc discharged from the fetus or placenta into the cir¬ 
culation. To the influence of these hormones they ascribe the 
enlargement of the gland during the period of gestation. As sup¬ 
port for this theory it is stated that mammals instinctively know 
that the placenta contains hormones and sometimes eat the pla¬ 
centa after birth. Cattle raisers have telieved that milk secretion 
is enhanced thereby and have encouniged cows in eating the 
placenta. Hormones are said to exert their influence until the 
ghihd is fully developed and enters upon active milk secretion. 
However, this theory is not entirely in harmony with the fact that 
in ca.ses of premature birth milk appears t)efore the gland is 
fully developed. Gaines examined the udder of the goat mentioned 
—the one that died before the birth of the kids, 'The udder was 
undergoing rapid hypertrophy and was incteased in size, but part 
of this increase was due to accumulation of colostrum which exuded 
freely from the cut ducts of the gland. This shows that there is 
Mme secretion before birth, even though limited. Furthermore, 
in late births, milk secretion is delayed. We are forced to the 
conclusion, therefore, that there is an intimate connection between 
birth and profuse milk secretion. Only when the fetus has died 
has milk secretion been observed before actual expulsion. 

luring the peijod of pregnancy, when the gland enlarges, secre¬ 
tion is held in cheek, and consequently the assumption seems justi¬ 
fied that, besides stimulating substances, inhibiting,substances 
are also present, or the same hormone stimulates growth of the 
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glands and at the same time prevents milk secretion. Lane-CIay- 
pon and Starling are of the opinion that a substance passes from 
the fetus into the maternal circulation. This substance stimu¬ 
lates growth of the mammary glands during pregnancy and at the 
same time inhibits milk secretion, although mammals sometimes 
lactate up to the next parturition. With expulsion of the fetus 
the stimulus disappears, growth of the gland ceases, there is no 
further inhibition of milk secretion, and flow commences. These 
authors produced enlargement of the mammar)’ glands in a virgin 
rabbit by injecting extracts of rabbit fetus, but milk secretion 
was inhibited. The case of the Bohemian pygopagous twins is 
cited in support of this theory. One of the pair Wame pregnant, 
and during this period the mammary gland in both enlarged. 
Ril)l)crt transplanted a mammary gland of a guinea-pig into the 
skin back of the ear of another female guinea-pig. Five months 
later living young were born and milk was promptly secreted from 
the transplantwl gland, (iaines injected dcfibrinated blood into 
a lactating goat— 1, from a pregnant goat*near delivery; 2, from a 
kid of the siinie goat two days after birth; .3, from the same goat six 
days after delivery. In each case an inhibitory action was ol)- 
served. Injection of a cow's placenta into a lactating goat also 
produced inhibition. Tran.sfusion from a fresh, heavy milking 
goat to one giving a low yield stTined to cause a decrcaw* in the 
milk of the injected goat. The author concluded from these trans¬ 
fusion exiK'riments that the hormone is present in the blood in 
small quantity and that the gland of the pregnant female is more 
susceptible to its influence than the gland of the normal female; 
that lactation is not due to a hormone, because transfusion of blood 
from an actively lactatinft goat to a fotddy lactating one does not 
increase secretion in the latter. Furthennorc, one lactating gland 
may cease lactating lieforc the other. 

On the other hand, Lambroso and Bolafiio, working with para¬ 
biotic rats, found that pregnancy of one of the pair did not affect 
the mammary gland# of the other. This might argue against the 
presence of a hormone, but the authors showed that food does 
not pass from one of the pair to the other, and consequently hor¬ 
mones are probably not carried from the circulation of one to the 
other. , 

Although there are some dissenting voices, the evidence of the 
presence of hormones in the blood is convincing, but whether 
the placenta or the embryo is the source of the hormone is a ques¬ 
tion that cannot ^ answered. A hormone originating in the em¬ 
bryo would have to pass through the placenta to reach the maternal 
circulatios, and even this would leave us in doubt as to the true 
origin of the hormone. 
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Hormones differ from food substances in not being assimilable. 
They are specific and consequently exert their stimulating influence 
on particular glands. They do not provoke antibody formation 
and are very stable, remaining uninjured by boding, drying, or the 
addition of alcohol. 

Theories Depending Upon the Presence of Food Substances in 
the Blood. —Rauber observed that leukocytes pass from the 
maternal circulation into the fetus, and since milk—especially 
colostrum—contains large nuraljers of leukocytes, he concluded 
that the food of the suckling is a direct continuation of the proc¬ 
ess of feeding the fetus. In other words, the food of the fetus after 
expulsion is diverted to the breast and there transformed into 
milk. Tlicrefore, the author leasons that the food of fetus and 
suckling come from the same source. This theory explains in a 
measure the fact that milk flow commences with the birth of the 
child, that is to say, the food substances that were used by the 
fetus before birth l)ecome available after birth for milk secretion. 
There is a gradual adaptation of the mother to the needs of the 
infant, and this adaptotion results in the formation of food suIj- 
stances. The mammary gland has the ability to produce milk 
even before birth, but lacks the necessary material. Schein holds 
that the hormones of other authors are really the substances the 
transfonnation of which results in sccivlion of the mammary 
glands. Furthermore, the quantity of food needed by the fetus is 
constantly increasing in proportion to its growth, and the motl er 
has to furnish this increase. But after birth the direct influeme 
of the productiveness of the mother ceases, and consequently there 
is no increase after the flow of milk has commenced. 

This theory d<x!s not presume the presence of hormones. It is 
conceivable, however, that the food substances stimulate the 
gland to action by their iwesenee, and on this assumption the two 
theories are not necessarily contradictory. The second theory 
does not explain the growth of the mammary gland previous to 
birth, and by combining Iwth ideas the facts find a harmonious 
explanation. 

The Secretion of Milk 

Sucking of the infant is a downward movement of the lower 
javf, followed by closing the jaws. Suction is tlius produced and 
the milk is forced from the breast by negative pressure. The 
pressure caused by the firsj. sucking movements is not sufficient 
to release much milk, but with each movement the pressure in¬ 
creases, until the milk flows more freely. Gaines has shown that 
in a dog the milk flow increased for the first three miqjites, then 
declined, and was exhausted after six minutes. With bottle-fed 
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infante the negative pressure produced by sucking is usually snialler 
than when breast fed. Artificial suction, by breast-punips, for 
example, releases milk, but the melhtxl is not as favorable for con¬ 
tinued milk production as the natural sucking of the Iwby. 

The sucking of the infant or milking are the influences which 
stimulate glandular activity, although this is still an open question, 
and there are other factors to lx; taken into account. After the 
Ijaby has commenced sucking there is a peculiar sensation of flow¬ 
ing milk in the breast. The flow sc-ems to Iwome spontaneous. 
Sudden removal of the baby does not stop the flow, but small drops 
or streams continue to Ix' discharged for some lime. Milk Ix'gins 
to flow sometimes even lH!fore the child has touched the breast, 
a phenomenon due to a nervous reflex action. When a lactating 
cow is temix)rarily lemoved from its calf the nxippearance of the 
calf is sufficient to start the* milk flow. Some experiments made 
by Gaines illustrate this jaiint. The gland of a goat was milked 
drj- by hand and then a kid placed at it. A considerable quantity 
of milk was obtained and the other glanS filled under the same 
influence, so that the milk could lx‘ n-moved by hand milking. 
The stimulus of the kid’s sucking exerted its influence on both 
glands. Hand milking of one gland also increased the flow in the 
other gland. Incidentally, it was noted that uiuler the stimulus 
of nursing the fat content rose perceptibly. Gaines thinks that 
the flow of milk is caused not only by sucking but also l)y the press¬ 
ure on the gland and l)y contraction of the muscles. Tlnit .suck¬ 
ing is not the only cause- of milk flow is borne out by the statement 
of Flow(“r and bydekker that a mother whale ejects milk from her 
mammary glands into the mouth of the young without active syck- 
ing on their part. * 

Gaines’ experiments with injection of pituitrin are of value in 
this connection. Intravenous injection always caused a marked 
increase in milk flow after the udder was milked dry. The amount 
of milk flowing after injection of pituitrin was large when the pre¬ 
vious hand milking ylhlded a small amount, and vice versa. In¬ 
jection of pituitrin into a nursing dog gave no increase under natural 
conditions; but if the dog was placed under the influence of ether 
the natural flow was small until an injection of pituitrin brought 
the quantity bacl^ to normal. Pituitrin, therefore, does not act 
on dog and goat alike. Furthermore, pituitrin caused milk flow 
after injection into an excised guinea-pig gland filled with milk. 
Therefore, the stimulation of milk flow is caused by contraction of 
the small milk passages of the gland. It is not a secretory impulse, 
but‘Simply an increase in flow. These experiments were made 
with singleinjections of pituitrin, bvrt a second injection of pituitrin 
caused no additional milk flow. 
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The modus operand! of milk secretion and milk flow is by no 
means perfectly clear in all its phases. We know that the sucking 
of the child is not the only and probably not the direct cause of 
flow. It stiinulates nervous reflex action which is the direct influ¬ 
ence. Gaines expresses the extent of our knowledge admirably 
in the following words: “During milking and nursing there is a 
reflex constriction of the gland; the removal of the milk from the 
gland is deixindcnt uiwn the operation of this reflex; and the reflex 
is conditioned. The stimulus which naturally excites the reflex 
must t)e found in the friction and warmth of the sucking action of 
the young on the cutaneous sense organs of the teat; with possibly 
a further source in the passive dilation of the sphincter muscle of 
the nipple by passage of milk.” Further; “Milking is a stronger 
excitant than an inserted canula; nursing is stronger than milking; 
and direct action of pituitrin is stronger than nursing. Removal 
of milk from the gland is dependent upon this (nursing, etc.) re¬ 
flex and it may l)e completely inhibited by anesthesia. The psychic 
state of the mother modifies the strength of the reflex as shown by 
the flow of milk after absence of the young.” 

Milking machines have l)ecome a permanent factor in milk 
prfKluction, and their effect on cows is in perfect accordance with 
the above conclusions. Many cows do not give up as much milk 
when machines are used as they do when railke<i by hand. The 
strippings—the last and richest part of the milk—are frequently 
taken by hand after the machine has removed as much milk as the 
animal is willing to give up. Some dairymen claim that the dura¬ 
tion of lactation is abbreviated by the use of machines. As one 
supprintendent intimated to the writer, it is impossible to make 
a cow believe that a milking machine cah take the place of sucking 
calves, and the maternal instinct, which is an important stimulus 
to milk production, is lacking. 

The quantity of milk secreted by the mammary glands adjusts 
itself to the demand. Removal of milk encourages secretion, while 
accumulation of milk discourages secretion. Therefore milk 
should be removed at regular intervals and as completely as pos¬ 
sible. The numter of times milk should be removed daily to sdeld 
the maximum flow varies in different mammals. Cows are usually 
milked twice daily, sometimes three times. The quantity is in¬ 
creased somewhat by milking three times, but is not sufficient to 
pay for the additional work. Since cows have been milked by 
hand for many generations, it has been suggested that they have 
become adapted to this condition and that thetmilk thus obtained 
is equal in quantity to that obtained by sucking calves. How¬ 
ever, there is no' available evidence to prove this statement. It 
may be difficult to determine whether a cow will yield as much 
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milk to a milker as to a ealf, but the experiences with milking ma¬ 
chines would indicate that artificial milking will never produce as 
much milk as a calf can obtain. Moreover, experience with nurses 
seems to show that milk secretion decreases rapidly when milk is 
removed by a breast-inimp. The human breast sliould lie emptied 
three or four times each day by the infant to iihsure continued 
secretion. 

During the active lactating period milk is secn'teil constantly. 
Milk is accumulateil in the udder in the intervals In’tween milking 
and during the actual process of milking or sucking. It has lx*en 
stated that during the time of milking or sucking the glands are 
stimulated to secrete an extraordinary quantity of milk. Fleiseh- 
mann has estimated that the internal capacity of the cow’s udder 
is too small to hold the (luantity of milk tliat is frequently obtained 
by milking. lie placed the total volume of a cow’s luhier at (i7lX) 
C.C., of which only 3015 c.c. represent hollow sjiaces capable of 
holding milk. If these measurements are corrt'ct, some explana¬ 
tion must be found for the large amount of milk that can lx* ob¬ 
tained. Stimulation of gland activity by milking may account for 
the phenomenon. (Jaines estimated, however, that the actual 
capacity of the udder of a goat was in harmony with the quantity 
of milk obtained. In the absence of exact investigations on this 
point the question cannot be satisfactorily answered. 

The first quantity of milk drawn from the udder is invariably 
poorer in fat content than the strippings. The differeni* is con¬ 
siderable anti the fat globules of the strippings are usually larger 
than those of the fore-milk. This phenomenon has never been 
satisfactorily accounted for. Some siacntists hold that tha fat 
rises in the udder while tTie milk is slowly accumulating and that 
the fat adheres to the walls of the udder. The lust streams of milk, 
if this theory is true, would then l» richer in fat than the first 
streams, similar to top-milk in bottles. The quantity would lie 
further increased by the fat adhering to the walls of the udder. 
Another explanation depends on the observation that during 
milking or sucking a richer milk is produced than during the inter¬ 
vening period. This latter view is supported by independent ob¬ 
servations of Hammond and Gaines, who found that under the 
influence of a special stimulant (pituitrin) the last remnants of 
milk were squeezed out and contained an increased percentage 
of fat. If sucking or milking has a similar stimulating effect on 
secretion, either view might be accepted. 

DuKtkm of tlv Lactation Period. —If milk secretion were de¬ 
pendent exclusively upon continued demand, there would lie no 
limit to the duration of lactation.' As a matter of fact, lactation 
ceases after a lapse of time, the actual duration varying in different 
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species and, in a measure, in different individuals. Lactation is a 
necessity amonK animals who depend for food-supply upon the 
mother for some time after birth. With development of the di¬ 
gestive tract other food becomes available, and the duration of 
lactation, therefore, is conditioned by the length of time required 
by the young mammal to become self-dependent. As the animal 
develofis and begins to take increasing quantities of other food the 
demand upon the mother decreases and milk secretion gradually 
ceases. 

It is not uncommon to find mothers who are able to produce 
milk for twenty to twenty-four months. Pfaundler, in Sommer- 
feld’s Handbuch, mentions that some Indian tribes nurse for two 
to twelve years, and trilies of Eskimos for fourteen to fifteen years. 
These figures are probably extreme, while the actual duration of 
lactation is no doubt iliuch shorter. It is [K)ssible, of course, that 
some tribes nurse their children for longer periods than others. 

The total quantity of milk produced during a lactation period 
is dependent, as a rule,^ipon tlie number of infants nur-sed. If a 
mother nurses one child the quantity is less than if more are nursed. 
Pfaundler gives the following approximate figures; A woman nurs¬ 
ing one child produces— 

DuniiK A 6 month penod about 1 26 to 1 50 hecU^itcn. 

DurioK a 7‘iaonth {Mnod about 1.50 to 2 “ 

Dunns »n H’muuth period about 2 to 2.5 “ 

Wet-nurses who nurse two or more babie.s produce— 

During a 6-aonth period aiwut 3.5 hectoliton 

During a l2-aioatJi penud about K " 

^ During a 24-moDtli penod attout 15 or more hectoUtere. 

t 

The statement is sometimes made 1 hat among civilized nation^ 
nursing is becoming less the ride than heretofore. Since compara¬ 
tive statements arc difficult to obtain, it cannot l)e determined 
with accuracy whether the assumption is correct. It is true that 
more babies thrive on Ixittle feeding than formerly, but this does 
not prove that brea.st feeding is less common, since science has 
taught us how to raise children successfully by artificial feeding?. 
On the other hand, it may lie argued that modem social conditions 
compel many women to ikork for a livelihood, frequently under un¬ 
sanitary conditions and at low wages, and that neglect or inability 
to nurse tlieir offspring is a consequence. Furthermore, it is 
claimed that among certain classes there is a growing disinclina¬ 
tion to nurse. It is difficult at present to forn%a decisiveoipinion 
on a subject which can lie cleared up only by carefully compiled 
statistics covering a long period of time. • 

At the present time the cow is the chief milk producer for the 
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civilized people of the West, and we are so completely accustomed 
to this fact that in our minds “milk" always means cow's milk. 
Cow’s milk, therefore, commands our attention.more than other 
milk, and it is mutually agreed that when “milk” is spoken of 
cow’s milk is meant. 



Fig. 11.—Showing a section through the teat and one ouarter of the udder of a 
cow. (After Moore and Ward.) 

The cow’s udJer is situated on the abdomen lietwccn the hind 
legs. It is separated into four quarters which are divided by 
layers of fibrous tissue. Each pair—the one on the right side and 
the on%on the lef|—represents one gland, and while there is no 
connection between the glands, there is some connection lietween 
the two qifarters of the same gland. It is possible, therefore, to 
obtain some milk from one quarter by milking the other one on 
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the same side of the cow, but no milk can appear in a left quarter 
from a right quarter. 

The udder is a stwngy organ consisting of skin, muscle, nerves, 
veins, arteries, lymphatics, milk-ducts, secreting glands, and 
fibrous fatty .and connective tissue (Fig. 11). The siase of the 
fully developed udder is 24 to 54 by 16 to 32 by 10 to 20 cm. 
The outer skin of the udder is soft and thin and is supjx'rted by 
fibrous tissue. It is covered with hair which is softer than the 
hair of the coat of the animal. The udder swells considerably 
when milk is accumulating and contracts while milk is removed. 



Fig. 12.—A plaster-of-Paris cast of the interior of the tent and milk cistern of 
one quarter of an udder (Moore an^ Ward). 

The degree of contraction varies, and is particularly small when 
the udder contains much fatty tissue. 

At the lower extremity of the udder are the teats, which are 
tul)e-like apjjcndages, and are 6 to 10 cm. lopg. There is one 
teat for eai^h quarter of the udder (Fig. 12). A sphincter muscle, 
located at the end of the teat, keeps the milk from flowing from 
the udder until it is relaxed by sucking or milking. The cow 
has no volunturj’ control over this muscle. Sqpietimes, however, 
the muscle is weak and milk leaks fmm the udder under the press¬ 
ure of the accumulating secretiPn. On the other hand, ihe muscle 
is occasionally so tight that a smooth, wooden wedge has to be 
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placed in the aperture of the teat, thus opening it slightly and 
facilitating the release of milk. In other cases a surgical operas 
tion becomes necessary, by which the muscle is cut and weakened 
sufficiently to render milking less difficult. The skin of the teat 
has neither hair nor sweat-glands, and the muc<3us membrane 
which lines the teat duct expands in the cistern. The cistern, 
therefore, may be r^arded as the expansion of the teat duct 
(Fig. 13). The cistern (sinus lactiferus) is a pouch which is sepa¬ 
rated from the teat by a circular muscle, over which the cow has 
little control. This cistern is of variable sisse and may contain 
from less than I pint to 1 pint of milk. It is connected with other 
parts of the udder by a network of milk-ducts whose lumen is 
largest at the point where it opens into the cistern. These ducts 



Fig. 13.— a, Upper end of teat duct; b, ciatern. (Ernst.) 


anastomose and end in the ultimate follicles or gland lobules. 
Anastomosis is more pronounced in the upper regions of the udder 
than near the cistern. The upper parts of the two quarters of 
the udder that belong to the same gland are connected by these 
milk-ducts, so that communication is established. At the junc¬ 
ture of the milk-ducts there are small cisterns and a system of 
sphincter muscles protects all junctures of the ducts. These 
sphincter muscles are under control of the cow and enable her to 
withhold milk at will, or perhaps by an involuntary reflex, so that, 
when sl^p suffers from nervousness caused by disease, maltreat¬ 
ment, or dislike of the milker, she is able to hold up the greater 
part'of the,milk. Such conditions^frequcntly interfere with the 
productiveness of a cow and are difficult to control. 
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Hie ultimate follicles contain the secretory organs, the alveoli. 
Three to five ultimate follicles are grouped together, and have 
a common outlet into a milk-duct. They axe about A to A cm. 
ill diameter, while the alveoli are of microscopic size (Fig. 14). 
The follicles develop during pregnancy and reach their maximum 
development during lactation. They shrink after milk secretion 
ceases, but develop again during succeeding periods of pregnancy. 
The follicles are lined with epithelial cells, which play—as we 
have w'en-a most imjxirtaiit role in milk secietion. They are 
supplied with blood by capillaries. Some follicles may degcner- 



Fig, 14.—Gland during accretion of milk, m&gnified 800 (Ernst). 


ate after a lactation period, and new ones are then formed during 
later periods, so that productiveness may increase with each new 
jieriod of lactation. This, however, rarely happens after the fifth 
or sixth year. 

It may lie inferred from our studies of the mechanism govern¬ 
ing milk secretion and from the anatomic structure of the udder 
that milking is an art that requires practice, ^a suitable tempera¬ 
ment on the part, of the operator, and skill. It is not merely a 
manipulation of the teats. The milker must be able ,to influence 
the maternal instinct of the cow and thereby induce her to will- 
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ingly relax the sphincter muscle which holds the milk in the 
udder. In practice it has proved profitable to permanently as¬ 
sign a certain set of cows to one milker so as to accustom them to 
his touch. This leads to greater milk production and facilitates 
work. ' 

The quantity and quality of milk produced by cows varies within 
wide limits, differing with the breed and the individual, 'fhe fat 
content especially is subject to much variation. The following 
figures give some results obtained; 

SOMMABY OF RESULTS OF TESTS OF DAIRY COWS AT THE WORLD’S COLUMBIAN 
EXPOSITION, CHICAGO. IIW (ALVORD) 




Poundii of 

Fkt in milk, 

Cbf«*e mndc. 


CowB in tMt. 

milk. 

pounds. 

pounds. 

25 


13.295 4 

5U1 61 

1451 8 ] 

25 0unwvH 


10,036 5 

488 42 

1130 6 15 days in Mi^. 

25 iiihorUuiniH 


. . 12.160 0 

436 60 

1077 6 J 



Pounds of 

Pounds of 

Pounds of 


Com m tot. 

milk. 

fat. 

butt«r. 

25JenKyfl .. 

25 Guenueyi.. 
24 tOioiDumis 


. 73.486 8 
61,781 7 
66.253 2 

3516 08 
2784 56 
2400 9f 

2080 87 j August. 


Hccords of cows in ('alifornia are given by Anderson as follows: 


Com. 

Yw. 

Pounds, milk. 

Pounds, fat. 


j 1006 

7,672 5 

361 37 

Black gTiide cow 

\ 1907 

6.130 4 

286 27 


/ 1006 

6,340 6 

260 33 « 

Jerat^ 

( 1907 

6,586 0 

270 06 • 


Hayden gives a large nuralier of records from herds in Illinois. 
Guernwy cows gave lietween 5000 to over 12,000 pounds of milk, 
Holstein-Friesians frem 10,000 to over 20,000 pounds. Brown 
Swiss from 6000 to over 11,000 pounds, and Jerseys 12,000, to 
over 17,000 pounds during'one year. The same author gives the 
following highest records: 


CoWB 

J«ney 

HolRtMO-FneriAn 



PouiKk, milk. Pound*, fat. 
17.253 0 W2 00 

aO.JM 4 650 75 

12.024 5 532 34 

10.950 H 455 06 


Alvord gives the following figures as estimates of milk yield 
by several breeds: A.yr8hires average 5500 pounds a year, with 
maximum of 10,000 to 12,000 pounds; Guernseys average 6000 
pounds, with maxfinum of 8000 to nearly 13,000 pounds; Hol¬ 
stein-Friesians are very productive, yielding frequently 100 pounds 
a day, with an annual production of 7500 to 8000 pounds, some¬ 
times racking the enormous figure of 20,000 to 30,000 pounds 
in a year; Jerseys yield an average of 6000 to 7000 pounds a year, 
while some produce 9000,10,000,12,1)00, and nearly 17,000 poun^. 
Red Polls pve an average of 5000 to 5500 pounds, and may give 
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7000 pounds a year; Shorthorns give an average of 6500 to 77a 
pounds, with occaaional records of 10,000 to 12,000 pounds a year 
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THE PHYSICAL PROPERTIES OF MILK 


Whbn milk is freshly obtained from the udder it is opaque, 
white in color, with more or less of a yellowish tint, and has a 
characteristic sweetish taste and odor. If a small amount of 
fresh milk is placed under the microscope the field is almost filled 
with homogeneous disks of strongly refractive power and greatly 
varying diameter. They appear structureless and without a mem¬ 
brane. Close observation of these disks shows that they fre¬ 
quently form clusters which consist of disks of varying size. In 
reality, the disks are spheres and consist of milk-fat. Besides 
the.se “fat globules,” bacteria, cells, and particles of foreign matter 
may l)e seen, All these substances are suspended in a fluid— 
the milk plasma (Fig. 15). • 



Fig. 15.—Fat globules and bacteria. Note the relative size of the fat globules 
of milk and the lactic acid bacteria (Kussell and Hastings). 

The fat globules in*milk are in the form of an emulsion, which 
means that they are distributed throughout the fluid in small 
microscopic globules and held in suspension. Artificial emulsions 
can easily be made by mixing an oil with some substance like gum 
arabic, gum tragaaanth, or extract of malt and some water, and 
by agitating the mixture violently in a mortar. An emulsion of 
this kind is white and opaque and under the microscope simulates 
the appearance of milk. 

If iifllk is allowed to stand quietly the physical appearance 
chailges rapidly. A yellowish layer gradually accumulates on the 
surface and increases in depth for some time, after which it dimin- 
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ialies somewhat. If microscopic examinations are made of this 
yellowish layer, of the whiter portion below and of the very 
bottom, the three resulting slides represent a widely different 
appearance. They differ from each other and from the slide made 
of whole milk. The slide from the .surface is fairly crowded with 
fat globules and may also contain m^ny bacteria and body cells. 
The slide from the middle portion shows fewer fat globules and of 
smaller average size than the globules of the first slide. Bacteria 
and cells are relatively .scarce. The third slide—from the bottom 
—contains few fat globules, but large numbers of bacteria, cells; 
and other substances, such as Nissen corpuscles, and frequently 
particles of dirt. These microscopic studies show that milk is 
not a homogeneous fluid and that by gravity alone it can be sepa¬ 
rated into three more or less distinct layers. 

Further microscopic^ examination of the surface shows that 
the fat globules are larger nearer the surface than below. In the 
course of time they press against each other from below so tliat 
the layer becomes more compact. This is the cause of the dimin¬ 
ished .size of the surface layer after the maximum has Iceen reached. 
The milk l)elow this layer is white and retains its color and opacity 
indefinitely. 

Lloyd poured Shorthorn milk into a vessel 15 inches high and 
after twelve hours measured the size of fat globules in different 
parts of the cream. The following table gives the results, namely, 
that the average size increases with approach to the surface: 


THE SIZK OF FAT OIOBULES AT DIFFERENT PARTS OF THE CREAM IN A BOmE 


• 

D>ai&i.'t«r of fal globules in microoB. 

At bottom. 

5 in. u[). 

10 in up. 

10-15 in. up. 

. j 

4 

1 

7-8 

8-10 

2 

12 

2 


The surface layer is the cream layer; the process of its forma¬ 
tion is called "creaming”; the milk below the cream is skimmed 
milk; while rtie fresh unchanged milk is the whole milk. When 
milk is obtained from more than one animal it is called mixed milk. 

The milk-fat in cow’s milk usually has a*specific gravity of 
about 0.93 at 15° C., but sometimes it is higher. Whole milk 
has a specific gravity of 1.027 to 1.034. The smaller weight of 
the fat is the cause of its rising to form the cream layer. This is 
clearly a physical phenomenon and is influen'ced by a variety of 
factors. The most' important of these factors are: 1, The origin 
of the milk; 2, the age of the milk; 3, the temperature of the milk; 
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4, the depth of the cream layer; 6, the viscosity of the milk; 6, the 
size of the fat globules; 7, centrifugation. 

1. The Origin of the Milk.—The milk from different animals 
has different creaming properties. Separation is rapid and nearly 
complete in human milk, for example, an opalescent, bluish-white 
fluid remaining under a layer of yellow fat. In cow^’s milk sep¬ 
aration is slower and less complete. Below the characteristic 
yellow layer of cream there remains a white or bluish-white 
fluid which is nearly as opaque as the original milk. In goat’s 
milk there is usually no spontaiuxius creaming unless the milk 
has been previously heated, while heating of cow’s milk retards 
cseaming. 

The cause of these differences in creaming must be sought in 
tJie size of the fat globules and in the physical condition of the milk 
plasma. Milks with relatively large fat globules form a cream 
layer more rapidly than milks with small fat globules, other con¬ 
ditions l)eing e(|ual. Immediately after milking the casein is in 
a swollen condition and hinders the risinjJ of the fat to a te.sser 
degree than later, when it has contracted. Probably there is a 
similar difference between the milks from different animals. 
Furthermore, the quantity of casein in the different milks is not 
the same. Human milk, for example, contains much less casein 
than either cow’s or goat’s milk, and we may assume that the ris¬ 
ing globules meet with less resistance. However, a full explana¬ 
tion is still lacking. 

2. Age of the Milk.—-It has been stated that the fat globules 
rise more rapidly in fresh milk than in old milk, liecause the cusi'in 
gradually contracts and offers greater resistance to the upward 
movement of the fat. Moreover, when milk ages it becomes 
sour and the cast-in is preciiritated. In this condition fat rises 
but slowly, .\gitation of any kind, such as residts from handling 
and transporting milk, retards creaming. The best results in 
creaming are obtained right after milking (Fig. Hi). 

3. Temperature.—t'reaming is slower in cold milk than in 
wann milk, for two reasons. Milk increases in viscosity when the 
temperature is lowered and the fat congeals; the spheric shape is 
lost and the surface Irecomes wrinkled. Both these conditions 
retard the rising. • 

If tflie temperature of a can of milk is not uniftrijm throughoRt, 
currents are created and these carry fat globules, especially the 
small ones, out of then upward path. Therefore cooling should 
commence from the bottom so as to prevent the formation of 
currtnts. 

When milk is heated the fat clusters break up, small globules 
are isolated, and some coalesce (Fig. 17). Clusters of fat rise 
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more rapidly than single globules, and consequently breaking up 
of clusters by heat retards creaming. In addition, the liberation 
of small globules decreases the volume of cream, since they remain 
in the skimmed milk. These processes are favored by stirring 
devices which are usually installed in milk-heating tanks. Heated 



Fi({. Ifi. —Fat (dobiilc* in raw milk. In raw milk the fat globules arc in 
masses of varvmg sizes. These rise to the surface quickly in gravity creaming 
(Itussell and Hastings). 

milk will, therefore, never cream as rapidly as raw milk and the 
quantity of cream obtained is less. The increased numlter of 
small globules in heated milk also renders the cream line less dis¬ 
tinct., and this fact has given rise to the erroneous idea tlnit there 
is leas fat in the pasteurized product than in raw milk.- 



f 'R 17.—Fat globules in heated milk. When milk is heated the masses 
of globules are broken up and fat globules are uniformly distributed through¬ 
out the milk (Russell and Hastings). 

4. The Depth of the Cream Layer.—In shallow layers the glob¬ 
ules have less space to traverse than in deep qnes and less weight 
to overcome, so that separation is more rapid and more complete 
than in deep layers. Therefctre creaming is usually carried on in 
shallow pans, about 2 to 4 inches deep. 
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However, in iminy localities, creaniinu is done by the “deep¬ 
setting system,” which seems to overthrow tlie idea of ereaming 
in shallow pans and at high temperature. In the deeii-setting 
system the milk is stored in cans about 20 inches deep and kept 
at a temperature of 40® to 55° F. While in shallow pans of 2 to 
4 inches deep the skitnmed milk rarely contains less than 0.5 per 
cent, fat, the skimmed milk in the deep cans retains but 0.2 per 
cent. It is difficult to explain why milk at low tem|K*mtui-e, with 
increa.sed viscosity and with a greater volume for the fat globules 
to traverse, should yield a richer (Team than milk kept in shallow 
pans at higher tenifx'rature. Possibly an explanation is found 
in the fact that th(' rising globules come in contact with a larger 
number of globules in deej) layers than in shallow layers, thus 
facilil.ating the formation of clu.sicrs. 

5. The Viscosity of Milk.—If two fiipets of ccpinl size and cali- 
lier are filled-- the one with water ami the other with milk—it 
turns out that it takes a greater length of time to discharge the 
milk than the water. This is ihie to the Viscosity and adhesion 
of the milk. Viscosity dc|H-nds uisin the milk solids, es|)ecially 
the ra.sein. The greater the (luaiitity of solids ami the lower the 
temperature, the more pronounced is the visco.sity. The viscosity 
is an obstacle to the rising of fat. Dilution of milk reduces the 
visco.sity and creaming jiroceeds more readily in diluted’than in 
undiluted milk. Hutter makers have discovered this fact and 
frequently take advantage of it. 

1). The Size of the Fat Globules.— Oiu' of the rno.st important 
factors which influence creaming is the size of the fat globules, 
since large globules naturally rise more rapidly than small ones. 
Large globules, therefon*,* rise first and crowd to the surface, 
while .small ones rise more slowly and remain in the deeper layers 
of the l•ream. The smallest globules do not rise at all and remain 
in the skimmed milk. Milk from some breeds of cows has globules 
of larger average size than milk from others. Jeraey milk, for 
example, creams more‘readily than Holstein milk liecause of the 
difference in the size of the globules. Furthermore, the milk 
derived from a cow in early stages of lactation creams Iretter than 
that drawm during later stages, due to the gradually decreasing 
size of the globulgs as lactation progresses. Fat globules are 
relatively large in colostrum milk, but diminish when normal 
milk is secreted. This diminution goes on progressively to the 
close of the lactation period. At this time the fat globules are so 
small thiit creaming is slow and butter making becomes difficult. 

It has been previously stated that the last milk from the 
udder—the.strippings—contains mrtre fat than other portions of 
the millc and that the fat globules are larger than during earlier 
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Some milk producers pass the milk through a cream separator in 
order to remove dirt and then mix the cream and skimmed milk 
again. However, the mixed product does not yield as much cream 
as the original milk. 

Cellular Elements in Milk 

The cellular elements in milk originate from several sources. 
They are derived from the circulation, from the secreting glands 
and from the membranes of the ducts, the cistern, and the teats 
(Fig. 19). 


Fig. 19.—Smear from sediment of milk. Epitlielial cells from teat duet (Ernst). 

During the manipulation of milking epithelial w.lls are de¬ 
tached from the teat and the cistern. Those from the tent appear 
as folded platelets, as has been shown by Ernst, who saw the 
same formations in scrapings from the mucous membrane of the 
teat ducts. Cells from the mucous membrane of the cistern are 
ovgl or four corneged, arc drawn out at the base, and have oval 
nuclei. 

Cells from the secretary ducts and alveoli contain fat droplets 
whose size determines the size of the cells (Figs. 20, 21). Usually 
nuclei appear. Thj^se cells arc the large colostrum corpuscles ami 
are Of epithelial origin, as shown by their structure and staining 
properties.* They are present in lafge numliers at the commence¬ 
ment of lactation and reappear at its close. They also reappear 
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fig. 20. Detached epithelial cells and polynuclear leukocytes (Ernst). 



Fir. 21. Formation of large colostrum corpuscles, magniOed 800 (Ernst). 



THE PHYSICAL PROPERTIES OF MILK 


59 


under abnormal conditions, especially durinK chronic diseases of 
the udder. Their shape is conditioned largely by the fat, which 
is milk-fat and not the result of fatty degeneration. These cells 
are probably discharged from the milk glands before the secretion 
is complete. Similar cells have lieeii observed in the epithelial 
layers. 

Epithelial cells that are attacked by phagocytes sometimes 
contain spheric bodies compowd of protein and fat. These have 
lieen called albuminophores (Fig. 22). 



Fig. 22.—Epithelial oella iisvarious stages of degeneration (albuminophores), 
magnitital UKK) (Ernst). 

Cells derived from the circulation are leukocytes of all kinds 
and red blood-corpuscles. 'I'he leukocytes may be mononuchtar 
basophil and eosintfphil, ixjlynuclear basophil, acidophil, or finally 
cells with neutror>hil and eosinophil granules. Lymphocytes never 
contain fat. The red corpuscles appear small, round, or with 
irregular outUnes. 

All tfiese cells are subject to rapid degeneration and then ap¬ 
pear in many odd forms. The nucleus breaks up and the chro¬ 
matin mixdk with the protoplasm, which then takes stain with 
intensity, leaving an unstained portion in place of the nucleus. 
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This mixture of protoplasm and chromatin breaks up further 
into fragments (corpuscles of Nissen). These fragments may 
attach themselves to fat globules and then take the shape of hel¬ 
mets, caps, or sickles. 

Besides organized cells, small structureless |»rticles are fre¬ 
quently observed, which are readily stained with anilin dyes. 
These particles may form aggregations of considerable size, large 
enough to form emlxili in the alveoli (Fig. 23). Later calcium 
and magnesium salts crystallize on these clusters and give a radi¬ 
ated appearance. These bodies are clearly degeneration forme 



Fig. a?.— Calcium salt aggregations in cowts milk, magnified 1000 (Ernst). 


and not—as has liccn supposed—antecedents of casein or fat. 
T.eukocytes may digest them, but they may also resist the phago¬ 
cytic action and increase in size. 


The Nature op Fat Gu)buj,es 

Leewenh(x>ck in 1697 was the first to give a description of the 
raicro.scopic appearance of fat in milk. He descrilntd the globules 
ns disks, strongly refractive and without discernible structure. 
When milk is cooled the fat congeals and globules lose their disk¬ 
like .shape, become irregular, and assume a wrinkled surface. 

The size of fat globules varies from less than 1 micron to 22 
microns, and the numlier in one cubic centimeter of milk may be 
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from 1,000,000 to 11,000,000. All kinds of milk contain fat globules 
of different size, but the extremes are farther apart in some milks 
than in others. In poat's milk, for example, the extremes lie 
between 3 and 4.5 microns; in sheep’s milk, between 2.75 and 22.4 
microns, and in Jersey milk, lietween 4 and 12 microns. It has 
been said that the chemical composition of the fat in the lariie 
globules differs from that in the small ones, that the small glol> 
ules contain more oleic and volatile acids than the large ones. 
Conclusive evidence on this point is still lacking. 

The emulsion of fat in milk has been etuiiimred to an artificial 
emulsion of oil. In the latter the globules are kept in suspension 
and from coalescence by a thin covering of a gummy substance 
which is held in jx)8ition by molecular attraction. Similarly, the 
fat globules in milk may Ix! enveloped in casein, also held there 
by molecular attraction. Any coiKlition, such as the addition of 
acid, alkali, or rennet, which affects the casein, would then lelease 
the fat globules and c.auac them to coalesce. 

Another hypothesis, whose chief suppetrter is BMiamp, as¬ 
sumes that the globules are surrounded by an organized mem¬ 
brane. The supposition is that these membranes are destroyed 
by the violent agitation in butter making, so that fat separation 
liecomes complete. Attempts to demonstrate the presence of a 
membrane Iwve been made by dissolving the fat with some solvent 
in the expectation of finding the empty membranes. Some rem¬ 
nants have actually lieen found, but it has not been possible to 
show conclusively that they are membranes. Or the fat globules 
have IxHin made to rise through a column of water in order to frw' 
them from adhering milk plasma. These washed globules have 
then been extracted with fther, and the substance left has l)een 
thought to constitute the membrane. Mathews stales that these 
remnants give no biuret reaction ami when hydrolyzed yield glyco- 
coll which is not present either in casein or lactalbumin. Accord¬ 
ing to this author the amount of nitrogen in these elements is 
4.04 to 5.70 per cent., find he states; “It is clear that it is not a 
homogeneous sulistance nor is it composed of casein.” Storch 
also Ixjlieved in the existence of a membrane, but thought it was 
composed of a mucoid substance—mucoid protein. He isolated 
this substance fron^ cream and butter and concluded that it must 
occur in milk. He treated milk with ainmoniacal picroearmin, 
and after cream had collected washed it with water until all milk- 
sugar had been removed. He then examined the globules under 
a microscope and /ound them surrounded by a stained halo. 
Furthermore, he was able to isolate a larger quantity of bis mucoid 
protein from buttermilk than from" sweet cream, which fact led 
him to believe that the churning had broken away the mucoid 
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capsule, thus enriching the buttermilk. Richmond argues against 
Storch’s theory, holding that if the latter’s view were correct the 
ratio of plasma solids to water in cream would differ from the 
ratio in milk. He has shown, however, that this ratio is the same. 
In addition, the stained area around the globules may be only a 
condensed solution of solids due to surface attraction. This view 
is supported by the fact that the stain is the most intense near 
the surface of the globule and gradually fades away, while a real 
capsule would stain more distinctly. 

Since it is obviously difficult to obtain globules which are com¬ 
pletely free from adhering plasma, it is impossible to decide the 
question of the exi.stence of a capsule or membrane with cer¬ 
tainty in the present state of our knowledge. However, the homo¬ 
genizing machine breaks up fat globules into very minute ones, 
and it is not possible to make butter from homogenized cream. 
The fine globules of homogenized cream do not ri*, and it does 
not seem possible that membranes of any kind are formed in the 
homogenizing proccssf. The homogenized globules remain sus¬ 
pended without noticeable change and, therefore, the assumption 
of a membrane is sufierfluous to explain the emulsion of fat in 
milk. Probably surface tension is an important factor in keep¬ 
ing the globules in suspension. 

Fischer and Hooker, who have investigated the conditions 
governing the formation of emulsions, have stated that different 
factors work together in producing and stabilizing an emulsion. 
These factors are surface tension, viscosity of the dispersing me- 
dimn, and an encircling film formed of a third substance between 
oil and dispersing medium. These factors may differ in different 
emulsions and in the same emulsion uritler different circumstances. 
The dispersing agent—the water—is all used up in the formation 
of a colloid hydration compound. An emulsion is not a subdivi¬ 
sion of oil in water, but one of oil in a hydrated colloid. Casein 
is a stabilizing agent. It does not absorb much water in neutral 
solution, but if an alkali is added it develbps marked hydrophilic 
properties and becomes one of the best stabilizing agents known 
for emulsions. Acid also converts neutral casein into a hydro¬ 
philic colloid which works as well as alkaline casein. 

Colostrum 

Colostrum is a viscous, sticky, yellow fluid, the secretion of the 
days immediately before and after parturitiom The speojfic grav¬ 
ity of colostrum is more variable than that of normal milk. ■ The 
following figures show the limits of variability; 
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Kinds of oolostnun. SpedSc {trnvity. 

Huo»n . . 1 024-1 034 

Co»«. . . 1 030-1,OS# 

Oo»‘« . ... ... I 02S-1 OH 


When colostrum' stands, the cream often appears in two layers. 
The upper layer contains the large fat globules, characteristic of 
colostrum, and is yellow, while the lower layer is composed of 
true milk-fat.- 

Colostrum milk contains a large number of cellular elements, 
known as colostrum corpuscles, and which have lieen described 
before. They disappear five to eight days after parturition, but 
reappear after the close of lactation and during lactation if the 
milk-is not promptly removed, a thing which may happen when the 
child is unable to use as much milk as the glands 8(;crete. A large 
number of corpuscles in the colostrum milk has lieen considered 
an indication of profuse milk secretion. 

Besides corpuscles there are mono- and polynuclear leukocytes 
and lymphocytes in colostrum. ^ 

Phopekties of Normal Milk 

Normal milk is an opaque fluid, ranging in color from yellow¬ 
ish-white to nearly white, the color due partly toyellow pigment 
in the fat, partly to the reflection of light by the fat globules, and 
also to the colloidal casein. 

The pigment, hictochrome, is associated with the fat and is 
different both qualitatively and quantitatively in the milk from 
different animals. It is yellow in cow’s milk, for example, and 
red in human milk. The amount varies in the milk from the 
same animal, according to the sea.son. In the spring there'is 
more coloring-matter in the fat than later in the summer, and 
during the winter there is but little, so that butter is more highly 
colored during the spring than at any other time of the year. In 
the winter butter is nearly white. The kind of food is probably 
the cause of this variation. 

According to Palmer and Eckles the pigment of bovine milk- 
fat is composeil of carotin and xanthophyls. Carotin ij the more 
important one of the pigments and l)elongs to the hydrocarbon 
group. It is widely distributed in p-ecn plants and especially 
so in grass. Both pigments arc contained in the food of cows and 
are transmitted through the mammary glands to the butter-fat. 
By giving food rich in carotin and xanthophyl the authors were 
able to intensify the color of the butter-fat. This work explains 
the heightened color*of butter in early summer and the reduction 
of color in winter, when food poor in»pigments is given. 

The light is reflected by the globules in all directions, so that 
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the fluid becomes opaque and white. The surface of small glob¬ 
ules is larger in projxjrtion to the size than that of large globules. 
Small globules, therefore, have a larger reflecting surface tton 
large ones. It follows that the smaller are the globules, the whiter 
in the milk: the larger the globules, the more propounced is the 
tendency toward yellow, other conditions being equal. The color 
of milk or cream is, therefore, not necessarily an indication of 
richness in fat. 

The colloidal casein also contributes toward the opacity and 
whiteness of milk. Separator milk, containing but 0.1 per cent, 
fat, is still opaque and white, and a 3 per cent, solution of pure 
casein in lime-water resembles skimmed milk in appearance. So¬ 
lutions o'f casein in alkalies are more translucent than solutions 
in alkaline efu-ths. The cream separates almost completely in 
human milk, still the plasma is white and opalescent, showing that 
the casi'in is in part responsilde for the color. 

Boiled milk is more yellow than raw milk, due to protein 
decomposition. Addition of Iwiled milk to skimmed milk may, 
therefore, restore the yellow color and cause it to resemble whole 
milk. 

Odor and Taste.—Fresh clean milk has little odor. The 
“cowcy” odor u-sually given off by market milk is due to admixture 
of cow manure and absorption of odors from the air. Milk, 
especially when warm, absorbs odors rapidly and retains them 
tenaciously. When milk is heated the odors are quickly removed, 
a circumstance that accounts for the fact that pasteurized milk 
has a sweeter smell than raw milk. Part of the odor is due to 
volatile acids in the milk-fat. Cream, therefore, has a stronger 
odor than whole or skimmed milk. • 

The taste of clean milk is sweet and aromatic. The sweetness 
is due to the milk-sugar, while the aromatic taste comes from the 
fat. The “cowey” taste of market milk is due to manure and 
absorl)ed impurities. 

Viscosity and Cohesion of Milk.—Coel milk has greater vis¬ 
cosity and cohesion than warm milk; therefore, cold milk will 
adhere to the walls of a vessel more closely and in larger quantity 
than warm milk. Cbld cream holds foam tetter and is easier to 
whip than warm cream. Heating reduces the viscosity and ul¬ 
timately destroys it if the temperature is fiigh enough. Con¬ 
sequently, the pasteurized product is not as viscous as raw milk 
and more so than boiled milk. According 'to Bowen, the vis¬ 
cosity of milk at 30° C. b about 1.7 times as great as that^of water, 
and at 0.° C. its viscosity is 2.6 times as gnfeat as that of water. 
At 0° C. the viscosity of milk is about 2.6 times as great as at 
30° C. Fresh milk has less viscosity than milk that has been stand- 
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ing for some time. The viscosity can be restored after milk has 
been heated by addition of “viscogen,” first recommended by Bab¬ 
cock and Russell. Viscogen is prepared by mixing a concentrated 
solution of cane-sugar with freshly slaked lime. After the mix¬ 
ture has stood for some time the clear liquid is poured off. One 
part of viscogeiv in 100 to 150 parts of milk or cronm will have 
the desired effect. Viscogen reunites the fat globules into clusters 
which were broken up by heat. 

Under some conditions, such as the presence of slimc-fonning 
bacteria or fiathologic conditions of the udder, accompanied by 
pus formation, the viscosity of milk may increase considerably. 
The “tatt4 melk” of the Norwegians is thick and slimy, due to 
microbial activity, and is eaten with a spoon. The “langc wci” 
of the Hollanders is also an example of slimy milk due to the 
action of a streptococcus. 

Viscosity is measured by allowing the milk or cream to flow 
from a [lipet and then comparing the time required for discharge 
with the time required to discharge an equal volume of water 
under the same conditions. Another method used is to let a few 
drops of milk flow down a smooth piece of glass inclined at an 
angle and then measure the line formed in a definite period of time. 

Specific Gravity.—The specific gravity of milk from different 
animals is not the same, and since the solids—esjiecially the fat 
—v.aiy in different breeds of cows, we would naturally exjwct to 
find a corresiamding variation in stHicific gravity. The specific 
gravity of mixed milk is more uniform than that from individual 
cows. The specific gravity of cow's milk is usually given as 1.027 
to 1.034 at 1.5° ('. Human and goat’s milk have alxmt the same 
figure as cow’s milk. The specific gravity of the total solids of 
cow’s milk is 1.3 to 1.4; that of the, pliusma 8c)lids, 1.6. 

The specific gravity is conditioned by the presence of dissolved 
sulwtances, casein and fat. While di.ssolved substances and ca¬ 
sein increase the specific gravity, fat decrca.scs it. Milk rich in 
fat, therefore, has a lower ai)ecific gravity than milk poor in fat. 
The sfiecific gravity of skimmed or setmrated milk always exceeds 
that of whole milk, while cream has a lower specific gravity. 
There is a fairly definite relation between the specific gravity of 
milk, the iiercenbage of fat, and the plasma solids, so that when 
two of these facton^are known the third can be calculated. The 
values obtained by this method of calculation are useful for rapid 
determinations, but are only approximately accurate. 

The table on page 66 shows the decrease of the specific gravity 
when the' percentage of fat increases. The specific gravity was 
determined by Bowen at 20° C., and js expressed in terms of water 
at the same temperature: 
r> 





66 MILK 


gPECinC GRAVITY OF MILK AND CREAM CORRESPONDING TO VARIOUS PERCENT¬ 
AGES OF BUTTER-FAT AT 20“ C. 


Per cent. 

Specific 

Per cent. 

Specific 

Percent. 

Specific 

fat. 

ftntvity. 

fat. 

gravity. 

fat 

gravity. 

0 025 

I 037 

14 

1 019 

28 . 

.. 1.006 

J 

t m 


1 018 

29 . 

. J.005 

2 

1 m 

re 

1 017 

30 

. . 1.004 

3 . 

034 

17 

. 1 016 

31 . 

1.003 

4. 

032 

18 

. 1 015 

32. 

1.002 

5... 

1 031 

19 

. , . 1,014 

33 . 

. 1 000 

6 .. 

1 030 

20 

. 013 

34 , 

0.999 

7 . 

1 029 

21 

012 

35 . 

. 0 999 

8. 

I 027 

22 

1 011 

36 . 

.. 0 998 

9. , , 

1 026 

23 

1.010 

87 . 

.. 0 998 

10.. 

I 0^ 

24 

1 009 

38 

0 097 

11 . . 

1 024 

25 

I 008 

39 . 

.. 0 996 

12.. 

1 0f2 

26 

1 008 

40 . 

. 0 995 

13 

1 020 

27 

1 007 




Milk expands when the temperature rises, and this involves 
a decrease of specific gravity. The expansion of milk of the 
specific gravity 1.032 at 15° ('. and 3.8 fier cent, fat is given in the 
following table taken from Richmond’s Dairy Chemistry; 


EXPANSKIN OF MILK WITH TEMPERATURE 


Temperature. 

* t Volume 

Temperature. 

Volume. 

31“ F. 

I 0<KK)0 

60'' !'• 

1 00229 

35“ F. 

1 0(H)16 

6.6" K. 

1 00298 

40“ K 

1 (81041 

70“ F. 

1 00372 

45“ F. 

1 (K)C74 

75'’ F, 

1 00451 

50" F 

1 00114 

86“ F. 

1 00549 

55° F. 

1 00164 




An extensive table of the coefficient of expansion on a basis of 
20° C. has hevn compiled by Bowen, and follows in condensed 
form: 


VOLUME OF MILK AND CREAM AT^VARIOUS^TF^PERATL'RHS OCCUPIEB BY A UNIT OF 


Per cent fat. 


0025 

1 

2 

4 

0 


10 

12 

14 

16 

l(t 


Tt’fDpcraturc^n il«»rec8 (\ 


W 1 15 I 20 I 2.1 I 30 I W J 40 46 j 50 66 


90MO 0 

nuKo n 

miT.'i i) 
»H7.y 0 
1W70 0 
»»70 0 
iniiki 0 
m-ijo 
0»500 

0 »so!o 

mo'.o 

ftoao’o 

993010 


{MHW 

9900 

9987 

OOH.*! 

«HS 2 , 

‘«W2: 

0977 

0977 

9976 

9976’ 

9970 

W»70. 

9967. 

996.6 
0980 
9960 

995.6 
9955 
9947: 
9947' 
9M5 


I OOOll 
1 OUO 1 
1 OUO I 
I 000 1 
I 000 1 
1 000 ll 
1 000 1 
] flOOil 

1 ooo!i 
1 000 '] 
l.OOOU 
1 oooil 
1 OflOil 

1 oooil 

1 000 I 
] 000 1 
t OOO'l 
I OOOIJ 
I oooil 
1.000,1 
1 .oooil 


T 


0010 1 0030 I 
0010'I oaw;! 
0012:1 0030:1 


0012 1 0030 
00171 oatfi 
0017 1 0036j 
0022 1 0040;. 
0022’! 004011 
0022:1 0045 I 
0027 1 005011 
0027|l 0056:1 
•0027il.0055’l 
0032.) OOOO’l 
0032:i,008511 
0036 1 007011 
0035 I 0075 1 
.0040 1 0080'! 
0040 1.00H5 1 
.0045,i.00K5 1 
0080:1 0090 I 
0050 1 0095:1 
0050 1.0100,1 
i I 


00471 

00471 

,0047:1 

00621 

00571 

0057.1 

.0062:1 

00671 

0072,1 

.0077!! 

00821 

00871 

.00921 

00971 

01051 

01101 

01151 

0]2(^] 

01261 

01301 

013.61 

oirri 


0070*1 
0070 1 
00701 
0070 1 
0075 I 
0080 1 
008.6:1 
0090 1 

a ] 
1 

0105 jl 

mio'i 
0120 ;! 
0l£5|l 
0135:1 
0140 1 
0145:1 
0150:1 
01601 
•l65jl 
01701 
017511 


T 


0092 I 
0092 1 
0092 1 
.0092 1 
0092 1 
0102 1 
0102 1 
0112 1 
.0117 1 
0I!» 1 
0132,1 
.0137 1 
01451 
0152 I 
.0162 1 
0170 1 
0172 1 
0182 I 
0187 1 
0197 1 
0205 1 
02121 
i • 


01201 

0120.1 

01201 

omi 

012.611 

012511 

01301 

01351 

0140l 

014511 

0IS5I1 

.0160.1 

01701 

.0180^1 

0190|1 

0200l] 

.02001 

02101 

021U 

022 ?! 

0230] 


0142'1 0175 
0)42 1 0175 
0142:1 01Y5 
0142 1 017.5 
0142,1 0175 
0147 1 0176 
0152 !l 0180 
015711 0180 
.0162:1 0185 
0167jl 0190 


0177 


.018261 0205 


01901 

0202 

.0212 

0222 

. 0222 : 

02321 

02421 

0247 


1.019.6 


1.0210 
1 0220 
I 0235 
1 0245 
I 02.60 
1.0265 
1 0260 
1 0270 
1.0280 
1.0290 






























THB PIIYSICAL PROPEBTIEB OF MILK 


67 


The expansion of rich milk is greater than that of jjoor milk. 
Since temperature causes the specific gravity to var>', it shouki 
always l)e corrected accordingly. The usual temperature for the 
standard is 15° C. or 60° F. 

The specific gravity increases inunediately after milking for 
about twelve hours, ilue fwrhaps to the loss of air-bubbles, but 
also ascrited by llecknagel to the contraction of the casein. This 
phenomenon is spoken of as the llecknagel phenomenon. At 
low temperature this rise in si)ecific gravity is greater than at high 
temperature. Richmond thinks the change is due to an increase 
in density caused by the contraction of the fat. Milk reaches the 
point of greatest density at a tem]X‘niturp slightly below the 
freesing-point of water ami somewhat alK)vc the freezing-point of 
milk. 

Freezing-point—The freezing-iKhnt of milk is 0.54° to 0.57° ('. 
lower than that of water. N'ariations from these figures due to 
dilTerence in com]x>sition are slight. After acidity has developed 
the fre('zing-isiint is still lower. • 

It is i«issible to detennine the addition of water to milk by 
finding ovit th<‘ frei'zing-point, although dilution with less than 
10 per cent, cannot Ik* detected with certainty. However, if 
salt R)lution (O.i) |x'r cent.) is used for diluting, the freezing-point 
is not affected, us sjdt solution of this strength has the same 
frwzing-isanl as milk. 

Sotnetimes variations in the frwzing-point of milk from the 
same animal have Ix-cn observed. I’robably the food consumed 
contains a variable amount of mineral matter, which may have 
such an influence on the freczing-iK)int. Boiled milk has a lower 
fiwzing-point tliati raw milk. * 

Electric Conductivity.—Milk, like other solutions containing 
salts, has electric conductivity showing the presence of ions. It 
ha.s bwn thought that the degree of conductivity might serve as 
a measure of dilution with water, but this has been a disappoint¬ 
ment l)ecausc of the great variability of conductivity in different 
milks. No standard can l)c established in view of this variability. 
The conductivity varies in milk from different animals and changes 
with the progress of lactation. C'n^aming increases electric, con¬ 
ductivity, while Iwiling reduces it. Udder diseases and souring of 
milk increase the conductivity. 

Refractivity.—The refractive index of milk is usually deter¬ 
mined in milk serum, prepared either by lx)iling the milk with 
acetic acid or precipitating the casein with a solution of calcium 
chlorid. The purpose of this is the detection of dilution with 
water. To obtain comparable results the serum must always be 
prepared according to the same method. Fluctuations of the re- 
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fraotive index in normal milk are small, but milk from diseased 
cows shows considerable variation. Usually the index of refrac¬ 
tion of milk from diseased cows is smaller than that of normal milk. 

Specific Heat—The specific heat of milk, as determined by 
Fleischmann, is smaller than that of water—0.9457. Therefore, 
it takes les-s ice to cool milk or less heat to warm milk than to cool 
or heat an equal quantity of water. But since milk is a poorer 
conductor for heat than water, it takes a longer time to reach a 
certain temperature. The specific heat of cream is lower than 
that of milk. 

The specific heat of milk has been exhaustively studied by 
Hammer and Johnson. These authors think that earlier observa¬ 
tions were at fault in not paying attention to the temperature 
range over which the material is to be heated or eooled. They 
give the following average siiecific heats of whole milk and cream; 


AVERAGE SPEnriC HEATS 




OMO* 

0"-80" 

15*-40* 

40‘-60- 

15'-0u 

Whole m.lk . 

0 029 

0 040 

0 935 

0 047 

0 023 

0 937 

IS pex cent, cream 

0 837 

0 000 

0 880 

a 940 

0 809 

0 925 

20 per cent, cream 

0 831 

0 804 

U 890 

0 936 

0 881 

0 916 

30 per oent. cream 

0 830 

0 883 

0 875 

0 925 

0 854 

0 899 

45 per cent, cream 

0 K32 

0 866 

0 843 

0 001 

0 786 

0 858 

00 per cent, cream 

0 843 

0 851 

0 816 

0 876 

0 727 

0 821 


Bowen has determined the specific heat of a sample of milk 
and of 20 and 40 per <'ent. cream. The eomposition of the ssimples 
was: 


COMPOSITION OF MILK AND CREAM CSED FOR DETERMINATION OF SPECIFIC HEAT 


F>t 

Total Boluis 
8oli'l« nut fat..,. 
Water 


Milk. 20 per rent. 40 per cent. 

cream. cream. 

3 5 per oent. 20 . per rent. 40 per cent. 

12 68 27 27 “ 44 30 " 

0 18 “ 7.27 " 4 30 

87 32 “ 72 73 “ 65 70 “ 


The specific heat of these samples is given in the following 
table and Fig. 24. 


SPECIFIC HEAT OF MILK AND CREAM 





20 

40 




20 

40 

Temperature. 

Milk. 

per cent. 

per cent. 

Tnnporature. 

Milk. 

percent. 

percMt 




cream. 

cream. 

..... » 

——■ 


cream. 

cream. 

Y 

T. 




-F. 

•c. 




35 6 

2 0 


0 88 


95 9 

35 5 

0 93 

0 89 

0 86 

37 4 

3 0 

0 02 


0 83 

100 4 

38 0 •* 



80 

43 7 

6 5 

92 

91 

.90 

105 8 

41 0 

,92 

.87 


48 2 

9 0 


.92 


109 4 

43 0 



78 

51 8 

11 0 

93 


96 

114 8 

46 0 


> 


55 4 

IH 0 


94 


118 4 

48 0 

' 92 


!78 

59 0 

15 0 

94 

95 

1 02 

123.8 

51 0 


.86 


66 2 

in 0 

05 

I 01 

1 07 

127.4 

53 0 



'.n 

71 6 

T2 0 

.94 

95 


131 0 

5.5 0« 

.93 

.86 


75 2 

24 0 



93 

136 4 

58 0 



76 

78 8 

26.0 

93 


.88 

141 8 

61 0 

93 

:87 


82 4 

28 0 


91 


145 4 

63 0 



.n 

86 0 

30 0 

92 


.88 

ISO 8 

660 

.94 



80.« 

82.0 


.91 
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Fig. 24.—Curves showing the specific heat of milk and 20 and 40 per cent, 
cream at different temperatures. 
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GENERAL CHEMISTRY OF MILK 


Milk is composed of simple and complex substances which are 
so balanced as to meet the requirements of young mammals. 
The milk of different species of mammals varies greatly in com¬ 
position, as shown in the following table (compiled from various 
sources): 



C0M1»0SITI0N 

OK THE MILK OF DIFFERENT MAMMALS 




Specific 




Total 




Total 

Animal. 

pravpy. 

Water. 

CaariD. 

Albumio. 

protuiiu. 

Fat. 

Sugar. 

Ash. 

solids. 

M»ti 

1 

87 58 

0 80 

1 21 

2 01 

3 74 

6 37 

0 30 

12 42 

., 

1 

87 27 

2 88 

0 51 

3 30 

3 68 

4.94 

0 72 

12 73 

Cow roif»truin 

1 042 

75 07 

4 10 

12 00 

17 18 

3 07 

2 28 

1.63 

24 93 

Aw. . 

1 032 

00 12 f 

0 70 

1 06 

1 85 

1 37 

6.19 

47 

9 88 

8heep 

. 1 0356 

h;{ 57 

4 17 

0 08 

5 15 

6 18 

4 17 

0 93 

16 43 

(r<Mt 

1 ams 

80 88 

2 87 

0 80 

3 76 

4 07 

4 64 

0 85 

13 12 

Mare 

1 0347 

90 58 

I 30 

0 75 

2 05 

1 14 

5 87 

0 36 

9 42 

lloindter . 


67 00 

8 30 

1 50 

0 80 

17 00 

2 80 

1 50 

33 00 

Rabbit 

1 047 

.50 



12 00 

13 50 

2.00 

2 60 

30 50 

Dolphin 


41 00 



11 00 

46 00 

1 30 

0 60 

59 00 

Sow 

1 o:iN 

83 01 ‘ 



7 23 

4 5.5 

3 23 

1 05 

16 06 

Bitch 

1 035 

75 44 



11 17 

0 57 

3 09 

0 73 

24 56 

Elephant . 

1 0313 

79 30 



2.51 

9 10 

K 59 

0 60 

20 70 

('amt^ 

1 m 

86 57 



4 00 

3 07 

5 59 

0 77 

13 i3 

Llama 

1 tm 

86 55 



3 00 

3 15 

5 60 

0 80 

13 46 

Buffalo 

1 ow 

82 25 



5 05 

7.51 

4 44 

0 75 

17 75 


There are distinct groups of compounds which arc contained 
in all milks, although in different proportion. These groups arc: 

■ 1. Fat. 

2. Proteins. 

3. Carbohvdrate. 

4. Salts. 

5. Water. 

In addition, there are other substapees present in small 
amounts, namely: lecithin, nitrogen-containing extractives, eho- 
lesterin, lactosen (a carbohydrate), orotic acid, a pigment, citric 
acid, a mucin (lactomucin), gases, and besides these chemical 
compounds, enzyms, and antibodies. The milk enzyms are either 
products of the milk glands or of bacteria wbifch are always pres¬ 
ent in the udder. The antibodies are transmitted from the 
maternal system to the young through milk. 

Some chemical compounds have frequently been isolated from 
milk, such as amino-acids, ammonia, hydrogen sulphid, marsh- 
gM, and others, but it is doubtful whether these are normal con¬ 
stituents of milk, or whether they are fonned by microbial action 
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on the proteins and carbohydrates. Possibly amino-acids are also 
bacterial decomposition • products. Milk direct from the stands 
—that is to say, milk which has not come in contact with micro¬ 
organisms—is difficult to obtain in sufficient quantity for Siitis- 
factory chemical analyses. Consequently, such analyses have 
rarely been made, and it may never be known exactly just what 
the original manunary secretion is composed of. 

Sometimes the mammary glands permit soluble chemicals or 
volatile substances, derived from odoriferous food, to pass into 
the milk. Chemicals given for therajx'utic purposes have Iwn 
recovered in the milk and aromatic substances derived from the 
food have imparted their flavor and odor to the milk. The taste 
of silage is said to be communicated to milk when given shortly 
Ijefore milking. However, observations on these ix)intH are not 
always above criticism. Milk, especially fresh warm milk, rap¬ 
idly absorbs odors from the air, and the presence of odoriferous 
food in the stable may impart it.s jicculiar flavor to the milk, 
h’urthcnnore, it has becTi shown that there are bacteria able to 
produce odors closely resembling those of aromatic foods. There¬ 
fore caution should be used in accepting statements in regard to 
the transmission of aromatic substances through the mammary 
glands. 

Milk-fat, as has been stated, is in the form of an etnulsion; 
some of the proteins—namely, casein, globulin, and mucin—arc in 
colloidal solution; the other constituents are in true sohition. 
When the tat is removed there remains a fluid containing the pro¬ 
teins, sugar, salts, and water. This fluid is known as milk plasma. 
When both fat and cast'in arc removed a straw-colored fluid Re¬ 
mains which contains all the soluble constituents. This is the 
milk-serum or whey. 

The most important proteins are casein and lactalbumin. 
Besides these there is a globulin and tracts of other proteins, 
which, however, may be decomposition products of the original 
milk proteins, or the results of reactions caused by reagents used 
for analysis. There is but one carbohydrate in milk, namely, 
milk-sugar or lactose. The statement is sometimes made that 
traces of dextrose are also present , but this is not reliable, as will 
be shown later. The fat is composed of a large number of non¬ 
volatile and volatile fatty acids combined with glycerin. The 
mineral matter contains the elements of which the salts in milk 
are composed. The gases are COj, N, and 0. The following 
analyses of cow’s n»ilk are given by Kastle in Bulletin 56 of the 
Hygienic Laboratory; 
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ANALYSES OF COW'S MILK 


Milk 


100 (Viui ^ke) 


W»t«r - 87 1 
Bolids - 12 9 

100 ol 

Fat «= 3.9 

Hobds. not fat o 9 0 

N oompounda 

MilkHmgar 

Aah 

-3.2 
« 5.1 
-07 


12.0 


0.0 

Gann; N 



0 





Cfttein * 

Aibumia =« 


2.5 

o.r 


3.2 


Milk « 100 

(Babcock) 


Fat 


Oleui 

Palmitic 

Myristicin 
3 6 Butin, trace 
(’apryhii, trace 
C’aprmn 
('aprinin, trace 
Butynu 

Casein 

Albumin 

GInbuhn 

Oabctiu 

Fibrin 


I Lartow' 
[•^'itnc aw(i 


Plasma 


« 06 4 
100 0 


Pot oxhI 
Bod oTid 
Ca. oxid 
Mk- oxid 
Fb. oxid 
S tnoxuJ 
PrOi 
Cl 


Water 


Glyoerids in- ] 
soluble and non- >3.3 
volatile acids J 


Glycerids sol-1 
ubleandvobk I 0.3 
til aoidi I — 
3 6 


Fat 


3.6 


3 00 
0 60 


Containing N 3 8 


3 SO 


Total 
Soltda 
12 7 


0 17.1 
0 070 
0 140 
0 017 
0 001 
0 027 
0 170 
0 100 


4 5 Bolide 
0 1 [ not 

fat « 0 1 


0 7 


12 7 


0 700 


87 3 


100 0 


It is not pos8it)Ie, of course, to jjive an absolute standard com- 
pcteition of milk since the constituents vary in different breeds, at 
different pericnls of lactation, and in individual animals. Even 
the morning and evening milks are not always alike. The fat is 
the most variable factor, but the other solids vary also, although 
to a lesser degree. The following table gives analyses by several 
analysts: , 


W«tcr 

Fat 

Cumn. 
Albumin 
ToUl protein. 
lACtae 
A»h 

ToUl ■oiidtt . 


ANALYSES OF COW'S MILK BY DIFFERENT ANALYSTS 


Van Styke 

Babcock. 

Richmemd. 

Oliver. 

Fldaehmasn. 

Willoujdiby. 

Van Syke 
(cheeee 
factixy 
milk). 

87 I 

87 3 

87 1 

87 6 

87 55 

87 0 

S7.i 

3 9 

3 6 

3 9 

3 25 

3 fO 

3.8 

3 76 

2 5 

3 0 

3 0 

3 40 

2 80 

3 3 

2 45 

0 7 

0 6 

0.4 

0 45 

0 70 

0 4 

0 7 

3 2 

3 8 

3 4 

3 85 

3 60 

3.7 

3 15 

5 1 

4 5 

4 75 

4 55 

4 60 

4 8 

5 0 

0 7 

0 7 

0 75 

0 75 

0 75 

0 7 

0 7 

12.0 

12 7 

12 9 

12 4 

12.25 

• 

13.0 

12.6 


Colostrum differs materially from normal milk, Rspecially in 
the percentage of albumin, which is greater than in normal milk, 
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often more than 1C per cent. Perhaps the colostrum corpuscles 
are responsible in part for the large amount of albumin. The 
percentage of fat, casein, and milk-sugar are lower in colostrum, 
while that of ash is higher than in normal milk; the ash may be 
twice as high. The quantity of fat in colostrum is small, the 
normal emulsion is not properly developed, wid the globules are 
large and irregular. The total solids of colostrum may lie as high 
as 28 per cent. Colostrum has a strong odor, a bitter taste, and 
is more decidedly yellow than normal milk. It has an acid reac¬ 
tion and thickens when boiled because the albumin coagulates. 
The gradual transition of colostrum to nonnal milk is well illus¬ 
trated in a table given by leach: 


THE COMIHWITION OF COLOSTRUM 


Time i^ier cnlviitg. 

Sppcihc 

gravity. 

Fat, 

Immcdiatdy 

1 06K 

3 54 

After 10 boiire. 

1 (M6 

4 66 

After 24 luHirs . 

I 043 

4 75 

After 48 hours 

1 042 

4 2i 

After 72 hours. 

1 035 

4 08 


AND TRANSITION TO NORMAL MILK 


CaiiciR. 

AUnimin. 

LarUwe. 

Ash. 

Total 

■olida. 

2 65 

16 56 

3 00 

I 18 

26 93 

4 28 

9 32 

1 42 

1 55 

21 2.3 

4 50 

6 25 

2 K6 

1 02 

19 37 

3 26 

2 31 

3 46 

0 96 

14 10 

3 33 

I 03 

4 10 

0 82 

13.66 


Removal of cream disturbs the normal relation of milk con¬ 
stituents to a considerable degree. The total solids in cream are 
much greater; in skimmed milk smaller than in whole milk, owing 
to the increased fat content in cream and the diminished fat 
content in skimmed milk. The water is naturally present in 
greater percentage in skimmed milk than in whole milk, and 
greater in whole milk than in cream. The relation of the soluble 
substances is not greatly changed by skimming. 

The composition of two samples of cream, one with a irtod- 
erate amount of fat, the other rich in fat, is given by Richmond as 

COMPOSITION OF CREAM 

Tliick cream. Thin cream. 

39 37 per cent. 63 M per cent. 

56 09 “ 2®.29 “ 


follows: 


Water 
Fat 
Sucar 
Protein. 
A^. . 


Contrary to ea^’lier iiro the roBuIts of tho analyses made 

by Richmond, who has shown that the relation of plasma solids 
to water in cream is the same as in milk. Errors in analysis are 
liable to occur if the cream has lost water by evaporation. This 
occurs when gravity cream is exirosed to the air for some time. 
The percentage of plasma solids to the volume of cream d^ 
creases in proportion to the increase in the percentage of fat. This 
is illustrated in the following table, given by Richmond; 
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COMPOSITION OF CREAM 




Tota] 

PlanoA 


So. 


Boiids. 

adids. 

Ftt. 

1. 


. .. 32 so 

683 

26 67 

2 . 


. 37 M 

6 14 

31 36 

3. 


. 60,W 

6 02 

45 60 

4.... 


. W 06 

4 65 

60.40 

6. 


. . , 65 18 

4 77 

60.41 

fl.... 


66 97 

4 47 

51.60 

7. 


. 66 37 

4 40 

61.07 



... 67 99 

4.17 

63.82 

B ... 


68.18 

3.30 

64 88 


When casein is coaRulated the curd encloses most of the fat 
mechanically. Only 1 per (*nt. fat, or less, remains in the whey. 
The solids of whey arc, therefore, smaller than in whole or skimmed 
milk. The milk-sugar and the salts remain in the whey without 
material change, the milk-sugar suffering a small loss by acid 
formation. 

The following tables show the composition of whey and the 
relation of milk, whey, and curd (after Richmond): 


< COMPOSITION OP WHEY 



Fieifiehmaiiu. 

KoDiK. 

Hmetham. 

Vietli (from 
ekmituMi milk). 

Vbd Riyke and 
Publow (cbeeee 
factory milk). 

Water. 

. M I.*) 

93 38 

63 33 

93 00 

93 04 

Fat. 

0 3.5 

0 32 

0 24 

0 09 

0 39 

Miik-«ugar. 

4 00 

4 79 

5 06 

5 4.5 

6 76 (+ aeh) 

Protein . 

00 

0 86 

0 8K 

0 92 

0 84 

Aah. 

. . 0 60 

0 65 

0 49 

0 .54 



COMPOSITION OF MILK. WHEY, AND CURD 



Milk. 

Wbey. 

Curd. 

Water .... 

, . 87 30 

80 80 

6 50 

Fat . 

3 75 

0 30 

3 45 

Milk-eugar 

4 70 

4 40 

0 30 

Caaoin ... 

3 00 

0 40 

2 60 

AUnimiii 

0 40 

0 40 

trace 

Aah ... 

0 75 

0 60 

0 15 


Buttermilk is usually made from skimmed milk and resembles 
it in composition. The most important difference is the presence 
of acid, chiefly lactic acid, in buttermilk. Kiinig gives the fol¬ 
lowing analyses of milk, skimmed milk, cream, buttermilk, and 
whey: • 


THE COMPOSITION OF MILK. SKIMMED MILK, CREAM, BUTTERMILK, AND WHEY 




Btiranted 


Butter* 


Conslituenta. 

Milk. 

milk. 

Cream. 

oulk. 

Whey. 

Water 

87 17 

90 66 

65 51 

90 27 

93.24 

Tout aolida 

12 83 

9.34 

3^49 

9.37 

6.76 

Caaein... 

AilMimm 

3 02\ 

0 68/ 

3.11 

8.61 

4.06 

0.85 

Fat . ... 

3 69 

0.74 

28 75 

0 93 

0 23 

Lactose. ... . 

4.88 

4 75 

3.52 

3 73 

4 77 

Aab. 

0 71 

0.74 

0 81 

0 67 

0 6.5 

Lactic acid . . . 




0 74 

0 33 


The composition of buttermilk made from sour cream, sweet 
cream, milk, and separated niilk averages about as follows (Rich¬ 
mond): 
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COMPOSITION OP BITTERMILK 



Sour 

vSweet 


Separated 


cream. 

cream. 

Milk. 

imlk. 

SpeciSc gravity 

1 0314 

l.OWl* 

I 0320 

1.0355 

« 

Percent. 

l*fr cent. 

Percent. 

Pw cent. 

Water 

til fil 

no tiK 

01 13 

00 77 

Fat. 

0 fiO 

0 35 

0 70 

0 10 

Sucar 

3 4U 

4 42 

3 85 

3 03 

Lactic acid 

0 50 

0 01 

0 76 

0 66 

Protein 

3 30 

3 51 

3 2H 

3 65 

Ash 

0 65 

0 73 

0 68 

0 70 


The Physiologic Origin of Milk Constituents 

Casein, fat, and lactose are substances characteristic of milk, 
inasmuch as they do not occur in any other place. Their origin, 
therefore, must fie sought in the tissue of the maternal system or 
in the mammary glands. C'onsidcralile .study has hwii made of 
this subject, the results of which are liriefly summarized in the 
following. 

Casein, Lactalbumin, and Globulin.—Cast'in occurs exclu¬ 
sively in the mammary secretions of mammals. In small quan¬ 
tity it has been found in the tallow glands (7f animals and in some 
rump oil glands of birds. The body of the lactating mauunal 
contains no casein except in the mammary glands. Two hy¬ 
potheses have lieen develoiied to account for the appearance of 
casein in milk, namely, the enzymic tluxiry, which assumes that 
blood proteins arc transformed into casein by a special enzym, 
characteristic of the milk gland, anil the pairing theory, accord¬ 
ing to which blood proteins combine with substances derived 
from the milk glands. 

Enzym Theory.—This theory originated liefore it was known 
that casein was a phosfihoprotein. Without this knowledge,it 
was not possible to arrive at conclusions which could stand the 
test of later experiments. Later Hammarsten (1894) ascrilxxi the 
origin of both casein and milk-sugar to a protein “nucleoglyco- 
protein” which he isolated from milk glands. According to this 
idea, casein and milk-sugar are formed by breaking down of this 
complex protein which* is then regenerated by the milk glands. 
Hildebrand in 1904 observed that even after autolysis of a cow’s 
udder there was no casein formation from the substance of the 
milk glands. He thought that a ferment was active in the forma¬ 
tion of casein from gland cells and blood albumin. The blood 
proteins are supposed to break down into simple compounds, 
building stones, which are then synthesized into casein. 

Pairing Theory.—Bimvii in 1889 considered the nucleic acid of 
the milk glands to 1<! the mother substance of casein. He thought 
that nucleic acid combined with serum albumin in the alveoli of 
the milk glands forming casein. Hdwever, chemists soon showed 
that casein does not yield the decomposition products which are 
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characteristic of nucleic acid and that Basch’s theory could not 
hold. 

It is difficult to form an opinion of the correctness or fallacious¬ 
ness of either of these hypotheses. The difficulties that are met 
with in investigations of this character are obvious, and for the 
present it is necessary to confess ignorance. The same difficulty 
holds in regard to knowing with certainty the origin of lactalbumin 
and lactoglobulins. 

Milk-fat. —It was formerly believed that milk-fat was the 
result of fatty degeneration of proteins, and that upon standing 
the quantity of milk-fat would increase at the expense of casein, 
but many observations have shown clearly that the composition 
of milk-fat is influenced by the fat in food. This fact has led to 
the belief that fat from food passes directly into the milk. How¬ 
ever, this is not a necessary conclusion, liecause fat may be 
assimilated as body fat and then reach the milk glands as such, 
or it may be broken down into building stones and then synthe¬ 
sized by the milk glarfds into milk-fat. In either case the result¬ 
ing milk-fat would be dependent, in a measure at least, upon the 
original fat taken from the food and would have a similar composi¬ 
tion. That such is the case is shown by comparison of the iodin 
numlter of body fat, colostrum fat—which is formed during a 
transition period—and genuine milk-fat. The following table 
given by Engel, and taken from Soimnerfcld’s Handbuch, illus¬ 
trates the point: 


Munmal. 

Uody fat. 

—lodm number of— 
MiJk-fat. 

('oloatrtun fat 

Cow 

42 0 

.12 0 

46 1 U)50.5 

(loat 

44 1 

37 0 

46 9 

Sheep 

45 0 

39 0 

46 8 

Human 

61 5 

43 0 

62 0 

Dos 

72 7 

58 3 


Aw .. 

78.2 

72 0 



This table shows that while there is some difference between 
the iodin numbers of body fat and colostrum, which might te 
expected, there is a much greater differende letween body fat and 
milk-fat. If the theory is correct that colostrum is a transition 
product between body fluids and milk, it would follow naturally 
that the fat of colostnim would also te a transition product. 
Exterusive investigations by Engel (quoted ,from Pfaundler in 
Sommerfeld’s Handbuch) have led to the conclusion that milk-fat 
is not identical with body fat, but that, since the iodin numbers 
of milk-fat and body fat are approximately proportionate, there 
must be a dominating influence of body fat upon milk-fat. Milk- 
fat therefore is dependent upon body fat, but is not identical with 
it. Consequently, body fat fs either not the exclusive source of 
milk-fat, or the milk glands transform the body fat into milk-fat. 
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Colostrum fat, however, is nearly identical with body fat, so tliat 
in early milk secretion the formation of milk-fat depends upon 
body fat, while later fat formation is influenced also by the char¬ 
acter of the food. The composition of milk-fat may fluctuate, 
therefore, according to which one of the two sources is predomi¬ 
nant. However, the influence of the source of milk-fat is limited, 
since it is known that each species of mammal produces milk-fat 
of characteristic composition, so we must assume that there is a 
standard composition of fat derived from the milk of a certain 
species. This standard is variable only within narrow limits. 

The source of milk-fat has been investigated by Jordan and 
Jenter in a carefully controlled experiment. Recognising that 
many previous experiments did not cover a sufficiently long period 
of time, these authors fed a cow for ninety-five days on a ration 
from which the fat was nearly all extracted. The cow “continued 
to secrete milk similar to that produced when fed on the same 
kind of hay and grain in their normal condition. The yield of 
milk-fat during the ninety-five days was pounds. The food 
fat eaten during this time was 11.() ixmnds, only 6.7 pounds 
of which was digested, ('onsequently at least 57.2 pounds of 
milk-fat must have had some source other than the foo<l fat. 
The milk-fat could not have come from previously stored body 
fat, liecause, 1, I’he cow’s body could have contained scarcely 
more than fiO pounds of fat at the Ix-ginning of the experiment; 
2, she gained 47 pounds in body weight iluring this period of time 
with no increase of Iwdy nitrogen, and was judged to lie a much 
fatter cow at the end; 3, the formation of this quantity of milk- 
fat from the body fat would have caused a marked condition of 
emaciation w'hich, because of an increase in the Ixidy weight, 
would have required the improbable increase in the body of 104 
pounds of water and intestinal contents. During fifty-nine con¬ 
secutive days 38.8 pounds of rnilk-fat were secreted and the urine 
nitrogen was equivalent to 33.3 pounds of protein. According to 
any accepted method of interpretation not over 17 pounds of fat 
could have been produced from this amount of metabolized pro¬ 
tein. The quantity of milk solids secreted liore a definite relation 
neither to the digestible protein eaten nor to the extent of the 
protein metalwlism^ In view of these facts it is suggested that 
the well-known effect upon milk secretion of a narrow nutritive 
ratio is due in part to a stimulative, and not wholly to a con¬ 
structive, function of the protein.” The authors also state that 
“the composition of the milk tore no definite relation to the 
amount and kind of*food,” and that “the changes in the propor¬ 
tion of milk solids was due almost wholly to changes in the per¬ 
centage of fat.” 
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The results of Jordan and Jenter’s experiment appear to dem¬ 
onstrate that food fats bear no necessary relation to formation 
of milk-fat. Protein metabolism can account only for part of 
the fnt secreted in the milk, and some of the fat must have been 
derived from carbohydrates. 

The assumption appears to be justified that milk-fat is derived 
from four sources, namely, food-fat, body fat, protein, and car- 
Iwhydrate, It is the function of the milk glands to transform 
these substances into milk-fat, and they produce a fat which varies 
but little from a standard suitable for the food of a certain species. 
It is true that the chemical composition of milk-fat in the same 
kind of milk varies within limits, according to the kind of fat 
contained in the food consumed. However, such variations are 
not permanent, and after a short period the normal constitution 
of the fat is restored, even when a particular fat is eaten with the 
food for a long time. 

Milk-sugar occurs naturally only in milk and in the urine of 
mammals at the conltnencement and after the close of lactation. 
If the mammary gland is extirpated, milk-sugar disappears from 
the urine, which fact leads to the conclusion that the milk glands 
are the exclusive sources of milk-sugar. 

At present the most generally accepted view is that milk- 
sugar is derived from dextrose in the circulation. Specific action 
of the milk glands transforms dextrose into lactose. When the 
mammary glands are extirpated dextrose ap[K!ars in the urine, 
but if they are not completely removed lactose appears in the urine. 
Furthermore, injection of dextrose into lactating animals leads to 
the appearance of lactose in the urine. There can, therefore, be 
nfi doubt about the origin of lactose from dextrose, the latter 
being transformed into the former in the milk glands. 

Mineral Constituents.— Fleischmann thinks that the origin of 
the salts in milk must be li«)ked for in the mammary glands. The 
composition of milk ash differs from that of the blood and lymph 
of the cow, and therefore it cannot be asaimed that mineral mat¬ 
ter passes unaltered through the mammary gland. F’ceding of 
phosphates has not been known to increase the phosphorus con¬ 
tent of milk. The water in milk probably comes directly from the 
blood and lymph, and carries with it in solution some mineral 
matter and also some organic substances, such as urea and hypo- 
xanthin. 

The Chemistry of Butter-fat 

Milk-fat is a compound of triglycerids* cholesterin, and a 
pigment. It is not a simple^mixture of triglycerids; it is rather a 
chemical compound—a fact which can be proved by several 
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obrervations. When butter is heated it melts almost unifonniv, 

r '"T 1"'«t“re the glycerids of low meltiuR-pohit 
would liquefy Wore the others. Tnbutyrin is contained in but¬ 
ter-fat in quantities of 1.5 to 5 per cent., averaginK, according to 
Richmond, 3.85 per cent. Being soluble in water, tributjTin 
would impart its characteristic bitter taste to the milk and milk- 
fat, while, as a matter of fact, there is noniially no bitter taste in 
either, furthermore, when tributyrin is mixed with butter it can 
be extracted with alcohol, while pure milk-fat does not yield 
butyrin to alcohol. Although milk-fat contains small amounts of 
'volatile acids, there is no distillate if it Is heated to 
27o C. Volatile acids, therelore, must l»e present in combined 
form, so that they are not liberated by heating to 275° C. Finally 
an artificial mixture of the glycerids which have been isolated 
from milk-fat has a higher melting-ixiint than the natural product. 
Butter cannot be reproduced by a mixture of its chemical com- 
^unds. Moreover, the molecular weight of such a mixture is 
779.6, against 760.3 of butter-fat. • 


It must be admitted, however, that the facts cited do not prove 
that milk-fat is necessarily a single coinpounil. They prove only 
that the coraixuient parts are of complex nature. This possi¬ 
bility is supjx.rted by the fact that melted butter does not solidify 
uniformly, although this might also la* explained by decomirosi- 
tion due to heating. 

We frequently read of volatile and non-volatile fats as con¬ 
stituents of butter-fat. This is not strictly correct, of course. 
There are fats which are glycerids of volatile acids and fats which 
ire glycerids of non-volatile acids. 'The volatile acids can be dis- 
,filed with steam at normal atmospheric pressure and are moVe 
)r less soluble in hot water. Acids with high molecular weight 
ire less soluble in hot water than those with low molecular weight. 

The glycerids of volatile fatty acids constitute 17.3 [ler cent, 
•f milk-fat, according to Richmond: 8.5 per cent, according to 
/an Slyke, while the gki’cerids of non-volatile acids make up the 
lalance of 82.7 or 91.5 jicr cent. The quantities of the difl'erent 
dycerids are given by Richmond as follows: 


PERCENTAOK or OLYCEllIDS OF FATTY ACIDS IN MIIK-FAT 


Butyrin 

CaproiD 

Capiylin 

Oftprin 

lAunn 

Myrulin 

PlilDllUl 

Steurin.. 

Olein ... 

Total. 


Per cent. 


I'er cent. 


3 W yielding 3 43 fatty add and 1 17 glycerin 


J 60 “ 3 26 

0 66 •• 0 61 ■ 

1 ttO ■' 1 77 ‘ 

7 40 •* 6 M • 

20 20 10 14 ‘ 

26 70 “ 24 4.S • 

1 SO 1 .72 • 

35 00 *' 13 60 ■ 

.100 Total 94 S4 
luauluble . 87.66 


0 86 
0 10 
' 0 31 

■ 1 07 
‘ 2 63 

■ 2 «1 
‘ 0 16 
•_3 38 

12 63 
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Of these compounds, butyrin, caproin, caprylin, caprin, and 
laurin are ulyccrids of volatile acids, while myristicin, palmitin, 
stearin, and olein are glycerids of non-volatile acids. Butyrin is 
present in larger amount than the glycerids and other volatile 
acids. It decomposes readily and forms butyric acid, which ren¬ 
ders the fat rancid. 

The volatile acids are largely responsible for the odor and flavor 
of milk and butter. They are present in milk-fat throughout the 
year in nearly the same quantity. The amount is somewhat 
greater in spring and summer, when cows feed on fresh fodder, 
than during the balance of the year, when the animals receive 
chiefly dry food. Volatile acids diminish during the progress of 
the lactation period. 

The glycerids of non-volatile acids are chiefly oleic, palmitic, 
stearic, and myristic acids. The consistency of butter-fat de¬ 
pends largely upon the relative quantities of non-volatile acids. 
The melting-point of palmitin is 01° of olein, 5° C.; of myris¬ 
ticin, 54° (1; and of stharin, 05.5° ('. The largest amount of these 
is represented by olein, and conse(]uently the variability of this 
com[)ound has the greatest influence iqion the consistency of milk- 
fat. During the spring and early summer more olein is taken up 
from the green fodder than from the food consumed during the 
winter months, and cons(>quently the fat is harder in winter than 
in spring and summer. 

The chemical composition of large and small fat globules has 
been investigated by Klusemann, Gutzeit, and Ijcmus. The 
results of thc.se authors are not in harmony, perhaps because it is 
difficult to separate globules of different sizes. Shaw and Eckles 
sefMirated cream with a predominance of large globules from 
cream with a predominance of small ones by means of a hand sepa¬ 
rator, and further eliminated small globules from the first cream 
by allowing the fat to rise in a narrow, tall vessel. Chemical 
examination of the globules obtained showed differences .so slight 
that they easily ranged within experimental error. Therefore it 
seems justifiable to aasurne that the composition of fat in globules 
is uniform, no matter what their size. 

The melting-point of butter-fat is given by various authorities 
within the limits of 29.,5° and 3(5° C. Butter-fat is liquid while 
the milk is in the cow’s udder, therefore, since the body tempera¬ 
ture of the cow is 38.5° to 39° C. While emulsified in milk, butter- 
fat liegins to solidify at about 25° C.; sometimes it is liquid at 
even lower temperature, depending upon its composition. 

Milk-fat is insoluble in water, but it diSsolves 0.2 per cent, 
water by heating to 100° C.» Milk-fat is soluble in ether, carbon 
disulphid, nitrobenzene, and acetone. It is slightly soluble in 
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ethyl alcohol and amyl alcohol, but completely soluble in hot amyl 
alcohol. 

Milk-fat is very susceptible to absorption of volatile sub¬ 
stances. Undesirable flavors derived from fodder arc, therefore, 
readily imparted to milk and butter. However, volatile sub¬ 
stances are promptly carried off by the intestinal tract of the ani¬ 
mat and do not apjiear in the milk if milking is done several hours 
after odoriferous food has been eaten. Therefore, if such fcxid is 
given immediately before or after milking the milk is not liable 
to suffer. Even a strong flavor like that of onion will not be 
noticeable unless it is derived from wild onions or leeks on the 
pasture where cows graze for many hours during the day. 

De.sirable flavors may be conmiunicated to milk in the same 
way. Clover hay, bran, and good pasture grass are known to 
improve the flavor of milk and butter. 

The proportion of fatty acids in milk varies within limits 
according to the food taken, as has t)een pointed out. Some¬ 
times fats (ire added to milk or butter wtlh fraudulent intent. 
The separation of the different acids for detection of fraud is a 
difficult matter, and chemical tests for purity of butter-fat must, 
therefore, depend on reactions- of butter-fat as a whole. With 
incrciising quantities of low fatty acids the molecular weight and 
the melting-point decrease, while the sajionification number, the 
Reifdiert-Meissl number, electric conductivity, and siiecific grav¬ 
ity increase. With increasing quantities of uns.aturated fatty 
acids and cholesterin the iodin number and refraction number 
increase, while the melting-point decreases with increasing amount 
of oleic acid. The soluble and volatile acids are measured with 
Polenskc’s number and the non-volatile acids with Helmet’s 
number. 

The Decomposition of Milk-fat 

Milk-fat is decomposed under the influence of light, oxygen, 
and some kinds of miciti-organisms, and then acquires a disagree¬ 
able “rancid” taste and odor. The chemical processes which lead 
to a rancid condition of fat are hydrolysis and oxidation. Hydro¬ 
lysis produces fatty acids and glycerin, and the glycerin is then 
further decompose^ into water-soluble acids, aldehyds, and vola¬ 
tile fatty acids. Unsaturated fatty acids are oxidized to hydroxy- 
acids which are not volatile. 

Richmond gives the following reactions which result in the 
rancidity of butter-fat. 

1. Tbe glycerin Ss diminished on saponification. 

2. Soluble and volatile acids are increased. 

3. Free acids are greatly increased. 

6 
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4. Unsaturated acids are diminished by the formation of 
hydroxyacids. 

The results of rancidity in milk are somewhat different from 
those in butter, inasmuch as the milk contains a larger amount 
of water than butter, and soluble products are dissolved. In con¬ 
tact with the air some volatile products escape. 

The consistency of the fat changes when it becomes rancid. 
The texture is more like tallow and the taste is bitter. 

The exact chemical processes which occur when fat become 
rancid are not thoroughly understood and probably are not 
always the same. 

The Uhemistey of Casein 

Casein is not a clearly defined chemical substance, but probably 
consists of several compounds. It is a weak acid and occurs in 
milk in combination with calcium .as calcium caseinate, and per¬ 
haps contains .some calcium phosphate, (hisein is an important 
constituent of all kiwis of milk, but, although casein from dif¬ 
ferent sources has impjrtant properties in common, there are 
also material difl'erences. Therefore it would be more proix;r to 
speak of “caseins” rather than of “casein” as a substance of uni¬ 
form composition. The complex constitution of casein is illus¬ 
trated when milk is passing through a porous filter. Citrates 
and chlorids are removed by a filter and casein is split so that 
part of it passes into the filtrate as a soluble protein. The whey, 
therefore, contains more soluble protein than the milk. Further¬ 
more, precipitation by salts used for protein precipitation gives 
results which are similar to those obtained when the proteins of 
blood-serum arc precipitated. That is to say, the precipitated 
proteins vary according to the kind of salt employed and accord¬ 
ing to the concentration of the solution. 

Casedu obtained from the milk of one species has a fairly <lefi- 
nite composition, but the caseins from different animals arc not 
identical. , 

Casein occurs in milk in a colloidal condition. This is proved . 
by the following facts; The colloidal particles have l)ecn clearly 
seen under the ultramicroscope. Furthermore, casein is thrown 
into the bowl sediment in centrifugal machines, so that after sev¬ 
eral hours of centrifugation nearly all the casffln can be removed. 
Finally, c.asein is withheld by porcelain filters. 

Halliburton suggested the name caseinogen for casein as it 
occurs in milk, and casein after it has been precipitated. The 
term “caseinogen” is not generally accepted; instead, casein is 
used to designate casein as jj, exists in milk, and paracasein the 
precipitate which is formed by rennet coagulation. 
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Casein is precipitated by dilute acids. When small quanti¬ 
ties of acid are used the precipitate is fine (uid flaky, while 
sufficiently large amounts of acid produce a more or less compact 
curd. Usually this phenomenon is explained by the combination 
of acid with the calcium which takes place, forming salts, thus 
rendering the casein insoluble. The process, however, is prolwibly 
not so simple. 

In the ordinary souring of milk the acid is chiefly lactic acid 
and is produced by bacterial action. This acid causes precipita¬ 
tion of the casein; a coagulum or curd is fonned. The process 
takes place in two phases; the fir.st phase is the liberation of casein 
after the calcium has combine(l with the acid; the st'cond phase 
consists in actual condunation of the acid with the casein. Thus, 
finally, the curd is fonned. When milk is heated less acid is re- 
quinsl for its precipitation than at low temiMTature. 

^ ('asein is prepared on a large scale coimnercially for various 
purposes. , The commercial uses of casein are given by Allen as 
follows; . 

"1. Patent foods, such as Sanatogen. 

“2. For administering medicinal agents, salicylates, alkaloids, 
lithium, mercury, silver, iron, bismuth, and others. 

“3. Cheese. 

“In the arts casein is used— 

“1. In painting materials. 

“2. Adhesives. 

“3. Plaster materials, as substitutes for horn, bone, and in mak¬ 
ing rods, picture frames, etc. 

“4. As a medium for mixing colors in textiles. 

For waterproofing colored papers, art papers, drawing 
papers, cartridge cases, cardboard, etc. 

“6. Mixed with asbestos paper to form waterproof and fire¬ 
proof materials. 

“7. Miscellaneous uses, such as paint removers, shoe polishes, 
photographic plates, )j)ofing pulp, glazing for inside of casks, 
. preparation ^of artists’ canvasses, solidifying mineral oils, billiard 
balls, etc.’’/ 

The preparation of casein requires considerable care in order 
to precipitate all the casein and not lose part of it by an insufficient 
amount or excess ^f acid. It is advantageous to make a trial 
experiment before a large amount of milk is coagulated. A pre¬ 
liminary experiment is made as follows; Ten flasks are filled with 
20 c.c. of skimmed milk each, and then 0.01 N. acetic acid is added 
in rising quantity »to each flask. The first flask may receive 
100 c.c. of the acid; the second flask, 120 c.c., etc. The precipi¬ 
tate is filtered off, and the flask which leaves a water-clear filtrate 
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is selected. If several flasks yield water-clear filtrates, the fil¬ 
trates should l)e boiled, filtered again, and tested with potassium 
ferrocyanid and acetic acid. The flask which shows the smallest 
turbidity is .selected, and the quantity of acetic acid necessary to 
precipitate the casein from the skimmed milk is calculated on the 
basis of the amount used in this flask. The casein is precipitated 
and allowed to settle, the .surKTiintant fluid is decanted, and the 
precipitate washed with water. The precipitate is gathered on 
niters, pres.sod between cloth, and dissolved in 0.01 N.NaOH. 
After ,‘«)Iution the casi'in is jirecipitated again with acetic acid and 
m H‘^''-I’*'<>spl'<'tu»Kstic acid produces but 

adififiin of ’hm ' I ^ with the 

addition of H(.l-phosphotungstic acid, since water decomposes 

"T!', ''f't- The precipitate is then 

redissolved and rcprecipitated twice. Finally, the gathereil pre- 

' '!n'' '■emove water anerfat 

and then de.siccated in vocw>. 

^ Kichmond gives th(> following method of prc-paring ca.sein- 
Milk .8 diluted will, water to about five times its voLe and 
sufficient acetic acid ad,l<.d to make 0.1 per cent, of the mixtm 
The fat IS carried down with the ca.sein. The precipitate is well 
washed by decantation some ten times collected on n clotti fill 

The precipitate is dissolve.l in the least ixiLsible excL ^aiT 

cent, alcohol and tlie'lifliol’joure.l'olf'" ll Tthen TrfJr'' 

and treated again with alcohol and ether Finnnv rn ^ • 

dried at 100° to lOi” C Tf „ • f'^ally, the casein is 

foniis a horny mass ” ' it 

;r “« *r*dSV,"is 

casein of human milk is more diflficult to precipitate 



GENERAL CHEMISTRY OF MILK 


85 


than that of cow’s milk, as it forms vcrj' fine flakes and usually 
leaves the scrum opalescent. 

Ash-free casein is prepared accordiiiR to Van Slyke and Bos- 
worth as follows: “Separator-skimmed milk is diluted with seven 
or cipht times its volume of distilled water and diluted acetic 
acid (C c.c. glacial acetic acid to KKX) c.c. distilled water) care¬ 
fully added until the casein has completely separated. After the 
precipitate has settled the clear suixirnatant fluid is removed by 
siphon. Distilled water is then added, the mixture stirred 
vitforously, and the preci))itate allowed to si'ttle, after which the 
wash-water is siphoned off. Water is asain addeil and the 
ca.sein dissolved by adding for each liter of milk used 1 liter dilute 
NHiOH (() c.c. strong reagent diluted to 1 liter). W’hen the solu¬ 
tion is complete, the whole is filtered through a thick layer of ab¬ 
sorbent cotton. The casein is again precipitated with dilute 
acetic acid, the precipitate allowed to settle and then washed, 
redissolvcd in dilute Is'HiOH, and filtered.^ This process of pre¬ 
cipitation, washing, dissolving, etc., is rejicated not less than four 
times. Finally, an excess of strong NlIiOlI (10 c.c.) is added, 
and then 20 e.e. of a saturated solution of ammonium oxalate. 
Th(‘ mixture is allowed to stand for twelve hours or more, t'al- 
eiuni is precipitated as oxidate in a very finely divided condition, 
too fine to iK'rmit its satisfactory removal by ordinary methods 
of filtration. Better aggregation of the precipitate can be effected 
by meiuis of centrifugal force. The centrifuged mixture is filtered 
through double thickness filter-jiaper. The filtered solution is 
next treated with dilute HCI (It) e.e. Ht'l, specific gravity 1.20, 
diluted to 1 liter) until the casein is precipitated. The precipitate 
is washed with distilled water fiw from chlorids anil is then placed 
on hardened filter-paper in a Buchner funnel, as much water as 
possible being removed by suction. The mass is next transferred 
to a large mortar and thoroughly triturated with 05 per cent, 
.alcohol. The alcohol is removed by suction in a Buchner funnel 
and the casein is again placed in a mortar and triturated with 
absolute alcohol. Most of the alcohol is removed and the casein 
treated twice with ether in a mortar by trituration, the ether 
lieing removed each time by means of suction on a Buchner funnel. 
The material is finally ground in a mortar until the particles pass 
a 40-mesh sieve and is dried for two days over HjSOi in a desic¬ 
cator under diminished pressure.” 

“Three lots prepared by this method contained the following 
amounts of ash: 0.J0, 0.09, and 0.06. The casein was insoluble 
in water and 50 per cent, alcohol. One of the lots was slightly 
soluble in 5 per cent. NaCl solutibn, the other lots were not. 
One gram of the casein treated with 10 c.c. N. 0.1, NHiOH, NaOH, 
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or KOH with 90 e.c. of water formed a clear solution, the casein 
dissolving completely. If a minute amount of a solution of a 
barium, strontium, or calcium salt was added to the clear casein 
solution the characteristic opalescence of casein solutions devel¬ 
oped. Elementary analysis gave the following result: Moisture 
1.09 per cent.; in the dry substance, C. 53.50, H. 7.13, N. 16.80, 
P. 0.71, S. 0.72, 0. {by difference) 2^08, and ash 0.06 per cent.” 

A.sh-free paracasein is prepared according to Van Slykp and 
Bosworth according to the following method; “Separator-skimmed 
milk is warmed up to 37° C. and rennet extract (Hansen’s) added 
in the proportion of 0.12 c.c. for each liter of milk. The mixture 
is allowed to stand until the paracaseiriate has separated as com¬ 
pletely as po.ssible. The resulting curd is stirred vigorously in 
order to lireak it into small pieces and hasten the separation of 
whey. After the curd has settled the whey is removed by siphon. 
The paraeaseinate is washed with distilled water several times, 
and finally 5 liters of ^atcr are added for each liter of milk origin¬ 
ally used. Dilute NH4OH (6 c.c. strong reagent diluted to 
1000 c.c.) is then added and the mixture stirred until the para- 
caseinate is dissolved. The. process of reprecipitation, washing, 
and dissolving is continued as in the preparation of casein. The 
remaining calcium is finally separated by addition of ammonium 
oxalate and centrifuging as descrilsid in the preparation of casein. 
The remaining cakdim is finally separated by addition of am¬ 
monium oxalate and centrifuging as described in the preparation 
of casein. One preparation of paracasein contained 0.07 jier 
cent. ash. One gram gave a clear solution when dissolved in 10 
c.e. of N. 0.1, NH4OH, and 90 c.c. water. Another preparation 
with a high ash content gave the following analysis: Moisture 
1.63 per cent.; in the dry substance, ash 0.61, C. 53.50, H. 7.26, 

N. 15.80, P. 0.83, S. 0.87, 0. (by difference) 21.13 per cent. An¬ 
other preparation with exceptionally low ash content gave: Ash 

O. 07, P. 0.71, and S. 0.72 per cent.” 

Propebtibs of Bovine Casein 

Casein is an acid, forming mono-, di-, and tricaseinates, and 
replaces COs in cartwnates. In milk it is a complex calcium salt 
containing phosphorus. Courant mixed cassin, lime-water, and 
phosphoric acid and obtained a substance which closely resembled 
the casein of milk. It has not yet lieen determined whether casein 
is a complex chemical combination or whether it is merely a mix¬ 
ture of several compounds. However, we do. know that all parts 
of it are necessary for rennet coagulation. 

Piu'e casein is insoluble m water and alcohol, but dissolves 
readily in acids unless they are highly diluted. It dissolves in 
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dilute alkalies and their carbonates and alkaline earths; such solu¬ 
tion should not give the Molisch reaction. Solutions in alkalies 
are slightly opalescent; in alkaline earths, milky. Casein replaces 
COs in carbonates, yields no ash on combustion, ahd has never 
been crystallized. 

The following elementary analyses of caseins from different 
sources are given by Tangle: 


AoiiMi. 

C. 

H. 

S. 

P. 

N. 

0. 

Tow 

52 69 

6 Ml 

0 832 

0 K77 

15.65 

23 141 

Buffalo 

52 HH 

7 81 

0 m 

0 773 

15 78 

21.925 

Slieep .. ... 

52 92 

7 05 

0 717 

0 809 

15 71 

32 794 

Goat. 

52 90 

6 m 

0 700 

0 760 

15 48 

23.300 

Mare .... 

52.36 

7 09 

0 528 

0 877 

16 44 

22 706 

Am. . 

52 57 

7 01 

0 588 

X.067 

16 28 

22 495 


Kichmond gives the following formute and compositions of 
bovine casein; 

formula; and composition of casein 



('mHtMNuSrOu. 

CiroHititNttSPOu. 

C 

.. 52 96 per G«nt. . 

7 at “ 

54 04 per cent. 

7 10 “ 

ii . 

N 

. 15 m “ 

15 66 

H 

0 86 •' 

0 84 “ 

F . 

0 84 “ 

0 82 “ 

0 .. 

22 41 •• 

21 60 


Different properties of caseins are shown by the following facts; 

1. The combining power of different caseins is not the same. 
The following values are given by Ilaudnitz, compiled from various 
sources: 

Bovine ctKin .... 1124-1135 

OoBtcaecin .... 1190 

Hurumi cftaeiD ... 1200-1428 

Aw'h raiicm 1504 

• 

2. Electric conductivity and specific rotatory power differ in 
caseins from different animals. 

3. Human casein and casein from the milk of .solipeds is more 
readily soluble than caseins from ruminants. The precipitate of 
the former is in finer flakes than that of the latter. According to 
Richmond, the casein iS ruminants is combined with phosphates 
and alkaline earths, while the casein of solipeds and human casein 
are combined with alkaline earths. 

4. Caseins produce specific antibodies, precipitins, for example, 
so the fundamental ^differences can be demonstrated by immunity 
reactions. 

On the other hand, there are some properties which are com¬ 
mon to all caseins. They all contain phosphoric acid, but do not 
yield the decomposition products of nucleoproteins. Casein is, 
therefore, classified with the phosphoproteins. Furthermore, all 
caseins are precipitated from their calcium combinations by rennet. 

Cow casein is a white, amorphous, hygroscopic powder, with- 
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out taste or odor. Its specific gravity is 1.259. It does not melt 
under the application of heat, ami gives the protein reactions, ex¬ 
cept Molisch and Adamkiewicz. One gram of casein furnish^ 
5742 calorics. The valency of the protein molecule in basic case¬ 
inates is 8; in iaisic paracaseinates, 4. The molecular weight is 
given by different investigators from 6500 to 16,000; according to 
Van Slyke and Bosworth it is 8888 for casein and 4444 for para¬ 
casein. 

Bovine casein is solulJc in weak alkaline solutions and these 
solutions are Icvorotatory. When a small amount of alkaline 
solution is mixed with casein a. jelly of acid reaction is formed. 
When more alkaline .solution is added, an opalescent to milky 
fluid results which filters through paper. More alkaline solution 
renders the fluid clearer. 

Casein in alkaline solution does not pass through parchment 
and is precipitated. Solutions in alkalies pass more readily 
through porcelain filters than solutions in alkaline earths. Solu¬ 
tions in alkaline earfhs arc more milky than those in alkalies. 
When solutions of casein are heated to temperatures above 40° C. 
opalescence increases, and a film, known as haptogen memlirane, 
is formed which is similar to the film formed on heafed milk. 
This film is insoluble in water, but dissolves in alkalies. When 
formed on milk it contains all the constituents of milk and may l)e 
the result of evaporation. CVasein is precipitated from solutions 
by ammonium sulphate wbe!i the solutions are neutral or acid to 
litmus. Alcohol precipitates casein in alkaline earth solutions, but 
not in alkaline solutions. 

C asoin is precipitated hy tlihile jieids and redissolved in excess 
of acid, forming acid caseins. When ca.sein is shaken with dilute 
acids a jelly is formed which dissolves when more acid is added. 
From these solutions the casein is precipitated by alcohol, salts, 
and neutralization of the acid, the amount of acid required for 
casein precipitation varying according to the kind of acid and 
the temperattire. For example, it requires more acetic than 
hydrochloric acid for prc(ipitation, as shown by Hammarsten 
and Raudnitz. The following figures give the amount of acid 
required for complete precipitation of the casein in 1 liter contain¬ 
ing 100 c.c. of milk and 900 c.e. of water: ,, 

THE AMOUNT OF HYDROCHLORIC AOID REQUIRED FOR PRECIPITA- 


Kind of ftcid. 

N. 0.1 HO 

N. 0.1 CHiCOOH , . 


CflttKulatioQ Coaffu’atioo U 

commencctf. oompirtp. 
43/5 C.C. 600 c.c. 

630 •' ' 1000 " 


In boiling milk the following amounts of acids are required for 
coagulation according to Richmond; 
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AMOUNTS OF ACIDS REQUIRED TO COAQUUTE BOlUNQ MILK 


Kind of »cid. 

Hytfrochlorie acid. 

Sulphuric ftcid. 

Acetic acid, . 

Lactic add. 

Citric acid. 

Oxalic acid. 

Phoephoric acid. 


Amount reauircd in nurmal cubic eenil- 
mctm per liter of milk. 

8 0 
8 8 

fi to 10 

... 0 7 

13 .*) 

, ... 28 5 

.... 34 to 36 


The quantity of acid required for conqilete coagulation of 
casein depends upon the amount necessary to transform diphos¬ 
phates into monophosphates. 

When casein is desiccated at a tempernture aliovc 90° f'. it 
splits into three bodies, namely, one which is soluble in dilute 
alkali—isocascin; one which fonns a jelly in dilute alkali—caseid; 
and phosphoric acid. IsociLScin is insoluble' in water; neutral 
solutions in alkali are not opalescent and arc not coagulated by 
rennet. Caseid is closely related to casein. 

Freshly preciiiitated ciiscin is decomposed by water, but the 
split products have not been studied. Nejitral alkaline or alkali 
earth solutions of casein decompose rapidly at body temperature. 

Wlicn a suspension of ea.sein in water is boiled it splits into 
several products. One substance is formed which does not com¬ 
bine with alkalies as readily as casein; another one forms a soft 
mass which adheres to the walls of the vessel and is insoluble in 
alkalies. The filtrate from the boiled suspen.sion of casein contains 
2.27 per cent, of albumin and becomes opalescent when heated. 

Heating casein in water under jiressure deeomi)oses it into 
products which are similar to tho.se obtained by hydrolysis with 
acids or from digestion with proteolytic enzyrns. 

Hydrolysis of casein with jiepsin yields different easeories. 
Hydrolysis with tryspin yiehls easeone, amino-aeids, and ammonia. 
Fj'epsin also splits casein, although it does not attack native pro¬ 
teins. Trypsin produces more profound breaking up of casein 
than peiisin. The following products of trypsin digestion of casein 
and lactalbumin are giycn by Kaudnitz: 

SPLIT PRODUCTS OF TRYPTIC DIUESTION OF C.A.SUIN AND LACTALBUMIN 


Kpht product. 

Aimnoab. . . . .. 

AUnm. 

Leucin. 

laokmciu . . •. 

Asparwin . . 

Ghitamic add. 

Senn . 

Cyatin... . 

Lymn .. 

Diimiootrioxydodecanacid 
Hittidm .. . 

ArgjwD... . • 

Phenylidaiun ■ ■ 

TVrorin . 

Aipha'p^TTolidin carboxylic acid. 
(Hy-alpDB'pyrrolidin carboxylic acid.. 
'Ryptophao. 


f'aoein, 

Lactalbtimin, 

per mit. 

per cent. 

1 8 


0 9 

2 5 

10 6 
trace 

10.4 

1 2 

1 0 

10 7? 

0 43 
0.065 

6 8 
trace 

2 6 

6.38 

10 1 

3 2 

2 4 

4.6 

0 86 

3 1 

0 26 

1.6 

4.0 


a> 
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It is worthy of note that no carbohydrate radical was found. 
Glycocoll is also absent, while cystin is present in small quantity. 
On the other hand, tyrosin and mono-amino-acids are well repre¬ 
sented. It is thought that these conditions render casein easy of 
digestion. 

Casein is soluble in dilute solutions of salts, and according to 
Van Slyke and Hart more so in hot solutions than in cold ones. 
The solutions are opalescent and turn milky when boiled. The 
casein is precipitated from these salt solutions with ammonium or 
magnesium sulphate. 

Casein is precipitated by saturation with NaCl, MgSCb, 
CuSO), and mercury salts. 

Van Slyke and Hart found a salt-soluble substance in Cheddar 
cheese when it was extracted with a dilute solution of sodium 
chlorid. This body was present in large amount only when lactic 
acid was u.sed. It occurs in fresh cheese, but the quantity dimin¬ 
ishes as the cheese aggs. When paracjusein is treated with dilute 
lactic acid a substance is obtained which resembles this salt- 
soluble substance extracted from cheese both physically and 
chemically. Paracasein, which is the main component of green 
cheese, combines with acids in two different proportions: one is 
a monobasic salt, the other a dibasic salt. Lactic, hydrochloric, 
and sulphuric acids will form similar compounds with paracasein. 
Casein also cond)inea with acids in a similar manner. The un¬ 
saturated salts formed by casein and paracasein with acids are 
soluble in dilute solutions of sodium chlorid and hot 50 per cent, 
alcohol, but they arc insoluble in water. The unsaturated sidts 
are practically insoluble in salt solution, hot alcohol, or water. 
In making Cheddar cheese the curd is tested with a hot iron, and 
when strings are formed from the hot iron the curd' is ready for 
further treatment. These strings are due to unsaturated para¬ 
casein lactate. The ripening process of Cheddar cheese com¬ 
mences with paracasein lactate. The water-soluble nitrogen in 
cheese increases as the unsaturated paracasein salt decreases in 
quantity. Therefore, ripening commences with a peptic diges¬ 
tion of unsaturated paracasein lactate. 

Rennet Coagulation * 

Rennet extract contains an enzym which coagulates casein 
and changes it into a non-coagulable substance. Rennet extract 
is prepared from the fourth stomach of a sueWing calf, but similar 
enzyms are found elsewhere in nature, as, for example, in the 
stomach, the pancreas, in some plants, and as products of bac¬ 
terial metabolism. Coagulating enzyms differ in some of their 
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AMOUNTS OF ACIDS REQUIRED TO COAQUUTE BOlUNQ MILK 


Kind of »cid. 

Hytfrochlorie acid. 

Sulphuric ftcid. 

Acetic acid, . 

Lactic add. 

Citric acid. 

Oxalic acid. 

Phoephoric acid. 


Amount reauircd in nurmal cubic eenil- 
mctm per liter of milk. 

8 0 
8 8 

fi to 10 

... 0 7 

13 .*) 

, ... 28 5 

.... 34 to 36 


The quantity of acid required for conqilete coagulation of 
casein depends upon the amount necessary to transform diphos¬ 
phates into monophosphates. 

When casein is desiccated at a tempernture aliovc 90° f'. it 
splits into three bodies, namely, one which is soluble in dilute 
alkali—isocascin; one which fonns a jelly in dilute alkali—caseid; 
and phosphoric acid. IsociLScin is insoluble' in water; neutral 
solutions in alkali are not opalescent and arc not coagulated by 
rennet. Caseid is closely related to casein. 

Freshly preciiiitated ciiscin is decomposed by water, but the 
split products have not been studied. Nejitral alkaline or alkali 
earth solutions of casein decompose rapidly at body temperature. 

Wlicn a suspension of ea.sein in water is boiled it splits into 
several products. One substance is formed which does not com¬ 
bine with alkalies as readily as casein; another one forms a soft 
mass which adheres to the walls of the vessel and is insoluble in 
alkalies. The filtrate from the boiled suspen.sion of casein contains 
2.27 per cent, of albumin and becomes opalescent when heated. 

Heating casein in water under jiressure deeomi)oses it into 
products which are similar to tho.se obtained by hydrolysis with 
acids or from digestion with proteolytic enzyrns. 

Hydrolysis of casein with jiepsin yields different easeories. 
Hydrolysis with tryspin yiehls easeone, amino-aeids, and ammonia. 
Fj'epsin also splits casein, although it does not attack native pro¬ 
teins. Trypsin produces more profound breaking up of casein 
than peiisin. The following products of trypsin digestion of casein 
and lactalbumin are giycn by Kaudnitz: 

SPLIT PRODUCTS OF TRYPTIC DIUESTION OF C.A.SUIN AND LACTALBUMIN 


Kpht product. 

Aimnoab. . . . .. 

AUnm. 

Leucin. 

laokmciu . . •. 

Asparwin . . 

Ghitamic add. 

Senn . 

Cyatin... . 

Lymn .. 

Diimiootrioxydodecanacid 
Hittidm .. . 

ArgjwD... . • 

Phenylidaiun ■ ■ 

TVrorin . 

Aipha'p^TTolidin carboxylic acid. 
(Hy-alpDB'pyrrolidin carboxylic acid.. 
'Ryptophao. 


f'aoein, 

Lactalbtimin, 

per mit. 

per cent. 

1 8 


0 9 

2 5 

10 6 
trace 

10.4 

1 2 

1 0 

10 7? 

0 43 
0.065 

6 8 
trace 

2 6 

6.38 

10 1 

3 2 

2 4 

4.6 

0 86 

3 1 

0 26 

1.6 

4.0 


a> 
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The change of casein into paracasein is wholly dependent on 
the action of the enzyiii, and can be illustrated by the following 
experiment: Two solutions of acid casein alkali are prepared. To 
one of these solutions rennet extract is added and to the other ren¬ 
net extract inactivated by boiling. After the solutions have l)een 
kept at body temperature for some time they are boiled so that 
reunin action ceases. At this stage no visil)le difference can be 
detected between the solutions, either in appearance or by test¬ 
ing the reaction with litmus or phenolphthalein. The solution 
to which raw rennet has l)eon added has lost some of its viscosity, 
electric conductivity is increased, and the precipitation limit of 
ammonium sulphate is lowered. If an equal amount of a soluble 
calcium salt (a solution of calcium chlorid is usually used) is added 
to each solution there is a rapid change. The solution with raw 
rennet forms a curd which separates from the fluid portion, while 
the solution with inactivated rennet turns milky. If the reaction 
of the ciusein solution was neutral there is less difl'erence in the 
precipitates formed, and if the solution wn.s alkaline there is no 
difference. If a similar experiment is made with an acid solution 
of casein in an alkaline earth in.stead of an alkali, the difference 
between the two solutions is still more pronounced. 

The experiment shows that rennin so alters the casein that it 
coagulates in the presence of soluble calcium salts after destruction 
of the enzym by boiling. Calcium salts do not coagulate casein 
unless it has been acted iqxrn by rennin. 

During the second phase the rennin acts upon the calcium 
salts which arc in an insoluble condition in milk and renders 
them soluble. This phase' requires more time than the first 
one. Action can be accelerated by addition of a soluble calcium 
salt. 

As soon as the calcium salts have become soluble the reaction 
enters upon the third phase. The curd becomes visible and the 
fluid thickens. This change is brou^t about rapidly and does 
not deixmd upon rennet action, as in the’first and second phases. 
The curd from milk always encloses insoluble calcium phosphates 
either mechanically or in actual combination with the para¬ 
casein. Milk-fat and colloidal substances are also enclosed in 
the curd. • 

The chemical reactions taking place in rennet coagulation of 
casein are not well understood, but the fact is established that 
without soluble calcium salts no coagulation occurs. It must be 
assumed that there is some difference in fomposition between 
casein and paracasein. Paracasein has lower precipitation limits 
than casein and is precipitated by soluble calcium salts, while 
casein is not. If after prolonged rennin action on casein-alkali 
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solutions acetic ackl is added, a precipitate is formed which con¬ 
sists of paracasein and paracasein-B. The latter is not pre¬ 
cipitated by calcium salts and has l)een called whey-albumin, 
hemi-casein-albumin, and lacto-serum-protein by different au¬ 
thors. It is a protein of the nature of an albumo.se, and may be 
the result of partial digestion of the casein by a protcoljdic 
enzym. • 

Loevenhart assumed that when casein changes to paracasein 
the molecules form large clusters and render paracasein more 
readily coagulable. Ultriunicroscopic observation has shown that 
larger clusters are actually formed during the piocess. Whether 
this is a chemical or merely a physical i)henomenon has not been 
determined. Van Slyke and Hart agree with Loevenhart, but 
Laqueur takes the opixisite view and assumes that casein mole¬ 
cules are larger than paracasein molecules. However this may lie, 
the following facts arc not disputed: 

1. Casein and calcium salts are the only substances acted upon. 

2. Keimet action effects no change of reaction. 

3. For remiin coagulation, rennin and soluble c.alcium salts are 
indispensable. 

4. Casein does not coagulate before it is transformed into 
paracasein by rennin action. 

Conditions Governing Rennet Action.—Rennet enzyra or ren¬ 
net activity is influenced by a number of factors which have 
received considerable study. The most important of these are; 

1. The presence of calcium salts. 

2. The presence of acitls or alkalies. 

3. The |)resence of salts and other chemical compounds. ^ 

4. T(an|X'raturc. 

5. Dilution of milk and relative quantity of rennet used. 

0. The age and quality of the milk. 

1. The PrnencA' of Soluble Calcium Salts. —The necessity of 

their presence for rennet action has been discussed at some length 
previously. * 

2. The Presence of Acids or AlkalicAi. —Acids and acid salts in 
suitable dilutions favor rennet action. Up to a certain concentra¬ 
tion rennet action is accelerated in proportion to increasing 
amounts of acids or »cid salts. However, there is a limit beyond 
which the concentration cannot be carried without producing an 
inhibitory effect. For example, milk which has soured to the 
curdling point or buttermilk arc not coagulated by rennet. A 
slight acidity is favij^able. The following table given by Van 
Slyke and l^blow demonstrates the influence of acid. The re¬ 
sults were obtained by adding to 250 c.c. fresh milk at 29° C. 
1 c.c. of a rennet solution, prepared by dissolving a commercial 
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rennet tablet in 150 c.c. of distilled water, and various amounts of 
acid: 

INFLUENCE OF ACIDS ON RENNET ACTION 



OrifdQA] 



Strength of add. 




miik 

0 01 

0.02 

003 

0.04 

005 


ooagulated 

pa- cent. 

Decent. 

per cent. 

per cent. 

ptf cent. 

Ktnd of icid. 

in necouda. 

-Time of coagulation in 

aeconds.— 


Acetic 

110 

70 

45 

35 

25 

20 

Hidphunc 

105 

70 

50 

30 

25 

20 

Citric . 

105 

80 

60 

45 

40 

35 

I^ic 

no 

80 

65 

45 

35 

30 

Hydruchlcmc 

m 

85 

70 

60 

50 

45 

Phoephonc 

m 

no 

90 

80 

75 

60 


This table shows clearly that with an increasing quantity of 
acid the time required for coagulation decreases. It also shows 
that the accelerating effect of different acids is not the same. 
Acetic acid is at the head of the list, white the following acids 
exert a smaller accelerating influence in the order given in the 
table. 

The usual explanation of the accelerating action of acids is given 
as the formation of the solution of insoluble calcium salts, thus 
activating the enzyin. Even a weak acid like CO 2 favors rennet 
action. Alkane's and alkaline salts have an inhibitory efiect on 
rennet action. 

3. The Presence of Sails and Other Chemical Compounds.— 
The effect of salts and other chemical compounds on rennet action 
may bo favorable or otherwise. Acid salts arc favorable, while 
alkaline salts retard and ultimately inhibit rennet action. Chlo- 
rids of alkalies inhibit in quantities of 0.5 per cent, and more. 
In smaller quantity there is slight acceleration. Sodium chlorid 
accelerates in quantities up to 0.9 per cent. Sodium chlorid and 
ftomonium sulphate retard rennet action, while citrates and oxa¬ 
lates inhibit. The chlorids of calcium, strontium, and barium 
accelerate rennet action in quantities of one-tenth to one-thou¬ 
sandth normal solution. 

The chlorids of zinc and aluminum also accelerate rennet ac¬ 
tion, although in smaller amounts tha* other chlorids. Mag¬ 
nesium chlorid accelerates in quantities of one-fiftieth to one- 
tenth normal solution, but retards below this amount. Salts of 
barium, calcium, strontium, lierjdhum, aluminium, and zinc have 
slightly accelerating action in minute amounts. Salicylic and 
benzoic acids also accelerate in small amounts (one-fiftieth nor¬ 
mal). Alcohol, glycerin, thymol, and formaldehyd retard, while 
HjOj accelerates rennet action. Ultraviolet rays act unfavorably 
on rennet coagulation. 

The influence of calcium chlorid on renndt action when minute 
amounts of rennet are used is given by Hammarsten as follows 
(“Sommerfeld’s Handbuch”): 
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INFLUENCE OF CALCIUM CHLORID ON RENNET ACTION 


Per esBt. CaCIi. 

0 . 

0 01 . 

0 02 . 

0 05 . 

0 1 . 

0 5 

10 . 

50.. .. 

10 0 . . 


Tim« required for coe(u> 
latioQ in miautee. 
No coKgulsUoiL 
.. No co^ktimi. 


4 

3 

8 

20 


Milk which has t)een kept in metallic vessels does not coaRulate 
with rennet as readily as normal milk, since some of the metal is 
dissolved. The effect of metal is very pronounced, and rusty 
cans have a retardinp effect, since some iron combines with the 
lactic acid in milk. Platinum and tin have the least retardinR 
effect (Olsen). 

4. Temperature is of great importance in rennet coagulation, 
and influences the speed of reaction and the character of the 
coagulum. The lower the temperature, the longer the time re¬ 
quired for coagulation; the longer the milk •with rennin remains 
cold, the less rennin is necessary to coagulate milk when it is 
finally warmed. At 60° C. there is no rennet action, but if rennet 
is added to milk in the cold it coagulates even when heated to 
100° C. At 00° therefore, the transformation of casein into 
paraciisein is inhibited, but not the action of calcium salt. The 
following fable (Fleischmunn) shows the influence of temperature 
on rennet action: 

INFLUENCE OF TEMPEIiATURE ON RENNET ACTION 


Temperature. 

Tiiue refiuiretl for 
cu&ffulatiun in muiutee. 

liektiun to optimum 
t«mperaturt. 

20 " r. 

32 7 

18 

25" ('. 

14 

44 

30" 

K 47 

71 

40" C. 

.6 15 

m 

41" C... 

. . 006 

100 

42" C. 

6 12 

OK 

50" C. 

12 

50 


The table shows that the optimum temperature is 41° C. 

At 15..5° C. the curd as flocculent, spongy, and soft; at 25° to 
45° C. it is fine and solid; at 50° C. it is soft and gelatinous. 

Heating milk precipitates calcium salts; the greater the heat, 
the larger is the amount of calcium salt precipitated. Rennet 
action is consequently retarded in proportion to the degree of 
heat applied. According to Rupp, the time required for coagula¬ 
tion in milk heated up to 6.5° C. is slightly less than that in raw 
milk. At 70° C. there is slight retardation, and at 75° C. the time 
is almost doubled. Van Slyke states that rennin normally fails to 
coagulate unless somtf soluble calcium salt or some acid is added. 
The coagulum of heated milk is flocculent and not as firm as that 
of raw milk. 
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rennet tablet in 150 c.c. of distilled water, and various amounts of 
acid: 

INFLUENCE OF ACIDS ON RENNET ACTION 



OrifdQA] 



Strength of add. 




miik 

0 01 

0.02 

003 

0.04 

005 


ooagulated 

pa- cent. 

Decent. 

per cent. 

per cent. 

ptf cent. 

Ktnd of icid. 

in necouda. 

-Time of coagulation in 

aeconds.— 


Acetic 

110 

70 

45 

35 

25 

20 

Hidphunc 

105 

70 

50 

30 

25 

20 

Citric . 

105 

80 

60 

45 

40 

35 

I^ic 

no 

80 

65 

45 

35 

30 

Hydruchlcmc 

m 

85 

70 

60 

50 

45 

Phoephonc 

m 

no 

90 

80 

75 

60 


This table shows clearly that with an increasing quantity of 
acid the time required for coagulation decreases. It also shows 
that the accelerating effect of different acids is not the same. 
Acetic acid is at the head of the list, white the following acids 
exert a smaller accelerating influence in the order given in the 
table. 

The usual explanation of the accelerating action of acids is given 
as the formation of the solution of insoluble calcium salts, thus 
activating the enzyin. Even a weak acid like CO 2 favors rennet 
action. Alkane's and alkaline salts have an inhibitory efiect on 
rennet action. 

3. The Presence of Sails and Other Chemical Compounds.— 
The effect of salts and other chemical compounds on rennet action 
may bo favorable or otherwise. Acid salts arc favorable, while 
alkaline salts retard and ultimately inhibit rennet action. Chlo- 
rids of alkalies inhibit in quantities of 0.5 per cent, and more. 
In smaller quantity there is slight acceleration. Sodium chlorid 
accelerates in quantities up to 0.9 per cent. Sodium chlorid and 
ftomonium sulphate retard rennet action, while citrates and oxa¬ 
lates inhibit. The chlorids of calcium, strontium, and barium 
accelerate rennet action in quantities of one-tenth to one-thou¬ 
sandth normal solution. 

The chlorids of zinc and aluminum also accelerate rennet ac¬ 
tion, although in smaller amounts tha* other chlorids. Mag¬ 
nesium chlorid accelerates in quantities of one-fiftieth to one- 
tenth normal solution, but retards below this amount. Salts of 
barium, calcium, strontium, lierjdhum, aluminium, and zinc have 
slightly accelerating action in minute amounts. Salicylic and 
benzoic acids also accelerate in small amounts (one-fiftieth nor¬ 
mal). Alcohol, glycerin, thymol, and formaldehyd retard, while 
HjOj accelerates rennet action. Ultraviolet rays act unfavorably 
on rennet coagulation. 

The influence of calcium chlorid on renndt action when minute 
amounts of rennet are used is given by Hammarsten as follows 
(“Sommerfeld’s Handbuch”): 
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2. The chemical part of the process is retarded by gradual 
destruction of the rennet by temperatures nl)ove 41° C., free 
hydroxyl ions, inactivation through antirennin, change of the 
casein by heating above 80° C., and the presence of formalin. 

3. The physical part of the process is accelerated by high 
temperature, free hydrogen ions and neutral salts up to a certain 
concentration, especially the salts of alkaline earths. 

4. The physical part of the process is retarded by diminished 
concentration of the salts of alkaline earths, which are precipi¬ 
tated by heat, and the increased concentration of neutral salts. 
Possibly alkalies also act in this direction. 

Lactalhumin 

Lactalbumin is similar to scrum albumin and can be prepared 
from milk by the following methods; 

1. Milk is saturated with MgS ()4 and filtered. To the filtrate 
are added a few drops of a 0.25 jx-r cent, afetic acid. The pre¬ 
cipitate is gathered and redissolved and the solution neutralized. 
By repeated precijiitation with MgSth remnants of casein and 
globulin are renu)ved and the solution is dialyzed until MgSO* 
has disappeared. The albumin is then precipitated with alcohol. 
I'inally the precipitate is dried at low temperature. 

2. Milk is filtered through a porcelain filter and the albumin 
precipitated from the filtrate by saturation with ammonium sul¬ 
phate. The precijiitate is dialyzed, reprecipitated with alcohol 
and dried. Lactalbumin is crystallizable; if the solution of lac- 
talburain is saturated with MgSCh, this solution diluted with an 
equal volume of water, and then acetic acid added until a per¬ 
manent turbidity appears, crystals will form on standing. Crys¬ 
tallization is aided by occasional gentle agitation. The form of 
the crystals is the same as that of egg-albumen and serum albu¬ 
min, but its rotation is different (Mathews). 

When prepared by one of the above methods, lactalbumin is 
a tasteless white powder, easily soluble in water. Lactalbumin 
contains no phosphorus, but twice as much sulphur as casein. 
Elementary analysis gives the following composition (Sebelein): 

C. = 52.10, H. =,7.18, N. = 15.77, 8. - 1.73, 0. - 23.13 

It is soluble in saturated solutions of NaCl and MgSOi, but 
is precipitated by a saturated solution of (NH 4 ) 2 S 04 . It is pre¬ 
cipitated from a saturated solution of MgS 04 by addition of acid, 
but is redissolved if*the acid is neutralized. Rupp states that 
there is no albumin coagulated at (12.8° C. if this temperature lie 
maintained for thirty minutes. Under the same conditions at 
7 
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rennet tablet in 150 c.c. of distilled water, and various amounts of 
acid: 

INFLUENCE OF ACIDS ON RENNET ACTION 



OrifdQA] 



Strength of add. 




miik 

0 01 

0.02 

003 

0.04 

005 


ooagulated 

pa- cent. 

Decent. 

per cent. 

per cent. 

ptf cent. 

Ktnd of icid. 

in necouda. 

-Time of coagulation in 

aeconds.— 


Acetic 

110 

70 

45 

35 

25 

20 

Hidphunc 

105 

70 

50 

30 

25 

20 

Citric . 

105 

80 

60 

45 

40 

35 

I^ic 

no 

80 

65 

45 

35 

30 

Hydruchlcmc 

m 

85 

70 

60 

50 

45 

Phoephonc 
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no 

90 

80 

75 

60 


This table shows clearly that with an increasing quantity of 
acid the time required for coagulation decreases. It also shows 
that the accelerating effect of different acids is not the same. 
Acetic acid is at the head of the list, white the following acids 
exert a smaller accelerating influence in the order given in the 
table. 

The usual explanation of the accelerating action of acids is given 
as the formation of the solution of insoluble calcium salts, thus 
activating the enzyin. Even a weak acid like CO 2 favors rennet 
action. Alkane's and alkaline salts have an inhibitory efiect on 
rennet action. 

3. The Presence of Sails and Other Chemical Compounds.— 
The effect of salts and other chemical compounds on rennet action 
may bo favorable or otherwise. Acid salts arc favorable, while 
alkaline salts retard and ultimately inhibit rennet action. Chlo- 
rids of alkalies inhibit in quantities of 0.5 per cent, and more. 
In smaller quantity there is slight acceleration. Sodium chlorid 
accelerates in quantities up to 0.9 per cent. Sodium chlorid and 
ftomonium sulphate retard rennet action, while citrates and oxa¬ 
lates inhibit. The chlorids of calcium, strontium, and barium 
accelerate rennet action in quantities of one-tenth to one-thou¬ 
sandth normal solution. 

The chlorids of zinc and aluminum also accelerate rennet ac¬ 
tion, although in smaller amounts tha* other chlorids. Mag¬ 
nesium chlorid accelerates in quantities of one-fiftieth to one- 
tenth normal solution, but retards below this amount. Salts of 
barium, calcium, strontium, lierjdhum, aluminium, and zinc have 
slightly accelerating action in minute amounts. Salicylic and 
benzoic acids also accelerate in small amounts (one-fiftieth nor¬ 
mal). Alcohol, glycerin, thymol, and formaldehyd retard, while 
HjOj accelerates rennet action. Ultraviolet rays act unfavorably 
on rennet coagulation. 

The influence of calcium chlorid on renndt action when minute 
amounts of rennet are used is given by Hammarsten as follows 
(“Sommerfeld’s Handbuch”): 
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and the leukocytes are constantly breaking down, and it is pos¬ 
sible that protein decomposition products may lie formed which 
are not found in nonnal milk. In the latter bacterial activity 
may be responsible for the presence of decomposition products in 
small quantity, since bacteria, chiefly liquefying micrococci, are 
practically always present in the udder. Furthermore, the isiilar 
tion of proteins requires vigorous treatment, and consequently 
traces of by-products may be present, and these are perhaps the 
proteins referred to. 


Lecithin and (?epiialin 

Both lecithin and cephalin are supjxised to be present in milk, 
although only in traces. They arc waxy substances which are 
soluble in alcohol and ether and contain P. and S. They are prob¬ 
ably present in colloidal condition and are associated with the fat. 
Reliable quantitative detenninations are not available. 

Nitrogen-containing Extractives 

The presence of urea, creatin, creatinin, hypoxanthin, xan- 
thin, and other similai' substances in milk has been demonstrated. 
I'ric acid and hippurie acid arc absent. 

Biscaro and Belloni have found an acid in milk which they 
named orotic acid. This acid has never been isolated from any 
other substance. The authors give the possibility of two formulie: 

.Nil —CHr-C() /Nil —CO —CH. 

CO< I or CO< i 

\nH — CO — CO ^NH — CO — CO 

Milk-sugar 

The chief carbohydrate in milk is milk-sugar or lactose. Its 
structural formula is as follows: 

CBjOH 

IlioH 

D-dextroec HOt^H 
,H(!x)H 

HioH 

in-O- 

Raudnitz states’that there is but one carbohydrate—lactose 
—in milk, and that the finding of other carbohydrates is due to 
faulty technic. He argues that the findings are based on dif- 


CHO 

H^OH 

Hoin 
nkiH 
— in 


D-galactose 
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ferences in rotation, but that error is likely to ocmr because the 
rotation of lactose varies under different conditions. If, for 
example, lactose has Ijcen desiccated before dissolving, or if the 
solution stands for some time, the rotation may vary 100 per 
cent, either way. Furthermore, when a solution of lactose is 
heated to 120°-130“ C. in the presence of alkali, sodium phos¬ 
phate, or casein sul)stances are fonned which have lower rotation 
than lactose, but similar reducing power. 

Theobald Smith concluded from observations of bacterial 
activity that milk contains 0.1 per cent, of a carbohydrate which 
is similar to dextrose. On the other hand, Leichmann has shown 
that Bacillus delbriicki, a bacillus of the group of lactobacilli, 
produces no fermentation in milk, although it decomposes dex¬ 
trose, but not lactose. 

These cxtxirinicnts were made in cow’s milk. Richmond 
found a carbohydrate in the milk of the gamoo.se or Egyptian 
buffalo and named it “tewficose.” This same author states that 
mare’s milk easily Undergoes alcoholic fermentation, a property 
not possessed l)y lactose. However, investigations by Hastings 
have shown that lactosc-fcTincnting yeasts are widely distributed 
and, therefore, fcrmctitation of milk can easily occur if conditions 
are favorable. Richmond also states that experiments made by 
Carter and himself seemed to show that the milk-sugar in human 
milk is not identical with that of cow’s milk. 

At the present time it is impossible to decide whether car¬ 
bohydrates—other than milk-sugar—really occur in milk. If 
they do, they are present in small quantity only and probably 
have no significance. Milk-sugar prepared from the milk of dif¬ 
ferent animals has the same properties. 

Milk-sugar is not us leadily soluble in water as other sugars. 
Solutions of lactose are, therefore, not as sweet as solutions of 
cane-sugar or dextrose. Milk-sugar is soluble in about 6 parts 
of cold water and in 2^ parts of hot water. Milk-sugar crystal¬ 
lizes in rhombic^ prisms from a concontsated solution, leaving a 
mother liquor which contains 21 per cent, of sugar. The crystals 
contain one molecule of crystallization water. To prepare milk- 
sugar on a large scale whey is evaporated to a synipy consistency 
and crystals are allowed to form. These are redissolved, the solu¬ 
tion decolorized with animal charcoal, and 1-ecrystallized. It is 
usually sold in a white, slightly sweetish powder, and is used as a 
veliicle for drugs and for modifying milk for infant feeding. 

Milk-sugar exists in several modifications. The hydrated a- 
milk-sugar crystallizes from water and has £f high rotation which 
diminishes when the solution stands for some time. Anhydrous 
milk-sugar is obtained when a sugar is heated to 130° C. It is 
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hygroscopic and dissolves in water with evolution of heat. By 
rapid evaporation of a solution of milk-sugar in metallic vessels 
the (3 modification is obtained. It has a lower rotation than the 
a modification. 

The Mineral Constituents of Milk 

The mineral constituents of milk arc usually given as ash, 
obtained by first evaporating milk to dryness and then incinerat¬ 
ing the residue at low red heat. A white ash is thus obtained 
which has an alkaline reaction. Colostrum yields considerably 
more ash than normal milk. The ash varies in the milk from dif¬ 
ferent animals, as the following figures given by Trunz, who 
quotes the work of several investigators, show: the ash of goat’s 
nnlk is 0.7 per cent.; of sheep’s milk, 0.8 per cent.; of mare’s 
milk, 0.28 to 1.20 ;)«• cent.; of ass’s milk, 0.30 to 0.40 per cent.; 
of human milk, 0.10 to 0.34 per cent. 

The ash is composed of substances derived from organic and 
inorganic conijamnds. Carbon, sulphur, and phosphorus ai'e de¬ 
rived in part from organic compounds. Therefore it is custom¬ 
ary to sptiak of crude ash which contains all inorganic substances 
contained in milk and of pure ash which contains only those sub¬ 
stances which are present in milk in inorganic form. Pui'e ash, 
therefore, is the crude ash from which the organic carbon, sul¬ 
phur, and phosphorus have been deducted. 

The ash dop.s not represent all the elements which constitute 
the siilts in milk, as some are lost by escaping during incineration. 

Carbon api)ears in ash as CO 2 , sulphur as SOa, and phosphorus 
as P.Oa. . 

The elements found in the ash of milk are potassium, sodium, 
calcium, magnesium, phosphorus, iron, sulphur, chlorin, hydrogen, 
oxygen, and traces of fluorin, iodin, and silicon. Soldner has 
given the following theoretic arrangement of these elements in 
salts: 

AMOUNT AN6 percentage OF SALTS IN MILK 


Compouod. 

I’cr cent 

GrsnM. 

Hodium oblorid . 

10 62 

0 962 

PotasBium cblond .. .. 

0 16 

0 830 

Monopottinium i^twphate. 

12 77 

1,156 

Dipotaasium pIxMplutte . 

9 22 

0 835 

PotaauuRi citrate. 

6 47 

0.496 

Dimaffnesium phoHpUite.. 

3 71 

0 386 

Magtieiuum citrate. 

4 05 

0 367 

Dicalctiun phoapbate. 

7.42 

0.671 

Tncakium phoephate. 

8 90 

0 806 

Calrium citrate . 

23 56 

2.133 

Calcium oxid {caeeinate). 

5 13 

0.465 


In solution are tlie salts of potassium, sodium, chlorin, citric 
acid, some phosphates, calcium salts, and magnesium salts. Bl¬ 
and triphosphates are in suspension and do not pass through a 
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porcelain filter. Iron is present in cow’s milk, according to Edel- 
stein and Csonka, in amounts of 0.4 to 0.7 mgr. per liter, or an 
average of 0.5. 

The salts are essential for the food of the young. There is 
a balance between the salts and the other constituents of milk, 
and any cause which affects the one also affects the other. The 
condition of the salts is changed by loss of CO 2 , heating, formation 
of acid, diseases of the animals, food, lactation period, etc. Ren¬ 
net action is influenced by the salts in milk. These changes will 
be discussed later. The salts sometimes produce almost an al¬ 
kaline reaction in milk derived from aged or diseased cows, and 
rennet then fails to coagulate the casein. 

The salts arc indirectly derived from food and drinking-water. 
Some salts pass through the mammary gland and reapiiear in the 
milk. Sodium sulphate, if given in large quantity with the food, 
can l)e recovenal from the milk, while sodimn chlorid passes 
through only in small quantity. 

Rich milk does not necessiirily contain more mineral matter 
than poor milk; in fact, sometimes the reverse is true. 

Casks in Milk 

The gases found normally in milk are oxygen, nitrogen, and 
carlwn dioxid. The total amount of gas in fresh cow’s milk is 
about 7 to 9 volume per cent.; in human milk much less—about 
one-tenth this amount. Since exposure causes milk b) readily 
absorb gases from the air, it has long l)een the custom to remove 
gases by aeration. Animal odors and taints can be largely re¬ 
moved by aeration, but it is clear that milk obtained under cleanly 
conditions will not need aeration, since the source of taints is 
removed. Cases may originate from bacterial activity in milk, 
and this also can be prevented in a measure by cleanly methods 
of milking. It is obvious that presence of undesirable gases largely 
influences the quality not only of the milk but also of milk prod¬ 
ucts, such as butter and cheese. As a matter of fact, cheese fie- 
quently suffers in quality through the action of undesirable gas- 
fonning bacteria. 

Whether the methods of aeration in vogue are effective is a 
question which has lieen exhaustively investigated by Marshall, 
who also gives a complete review of the literature on the subject. 
He iuialyzed the gas formed by absorption of the carbon dioxid 
with potassium hydrate, the oxygen by alkaline pyrogallate, and 
the remnant was estimated as residual gas.' This residual gas is 
usually considered to l>e nitrogen, but Marshall thinks that this 
assumption is not justified, since analy.ses have not been made. 
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The following table lias been compiled according to Marshall's 


THE GASES IN MILK 



Cooditkm of mUk. 

Carbon 

dioxid, 

Oxvgen, 

Residual gatt 
(ntbrogon), 

per cmt. 

per cent. 

per cent. 

Uae^xiMd miUc. 

8t 490 

2 42 

16 635 

After Buikiog... . 

69 630 

13 176 

27 17 

After»erfttionoverKkuB- 

40 672 

20 586 

38 842 

After over tiu... . 

35 832 

20 55 

44 618 

Aftar aSratioo over copper 

42 328 

17,266 

40 416 

After e^tioo through glus wool and co]^)or aievee . 

25 805 

25 806 

50 8775 


This table shows that there is gas liefore the milk leaves the 
udder, since Marshall’s cxjxiruncnts were such as to exclude the 
air during milking. After the milk has left the udder there is a 
diminution of cartxin dioxid, while there is an increase of oxygen. 

Marshall thinks it possible that the carbon dioxid is actually 
present in loose combination, in part at least, and not altogether 
as free gas. This view is based on tlu^ fact that when the gas is 
removed from milk the last quantity is difficult to extract, and 
that the effect which the original carbon dioxid in milk has upon 
chemical indicators differs from the effect of impregnated carbon 
dioxid. However, carbon dioxid is easily soluble in water, and 
the last remnant is difficult to remove from distilled water, espe¬ 
cially in the presence of salts, such as sodium carbonate, other 
carbonates, and acid sodium phosphate. This question must, 
therefore, remain undecided at pre.sent. 

When sterilized milk was exposed to air Marshall found no 
evidence of absorption of gas after six weeks. 

Since carlxin dioxid decreases and oxygen increases when milk 
comes in contact with the air, there must be a rajiid interchange 
of gases during milking, a process which may lie considered a si'rt 
of aeration. If oxygen is absorbed it is reasonable to assume that 
stable odors arc also absorbed. By subsequent straining and 
aerating an equilibrium of gas content with the gases of the air 
is established, so that the gas content in milk is similar to the gas 
content of the air, whatever that may Ixs. Tainteil air will, there¬ 
fore, impart its taint to the milk, while the milk will give up some 
of its normal gas to the air. 

Lactic acid fermentation in milk is favored by the presence of 
oxygen, while absence of this gas favors anaerobic action on the 
protein and possibly the formation of toxic products. 

Some of Marshall’s most important conclusions from his in¬ 
vestigations are these: 

1. Milk drawn from the udder of a cow contains a high per¬ 
centage of carbon dioxid and a low percentage of oxygen. 

2. During the milking process the percentage of carbon dioxid 
contained in the gases pumped from milk dropped considerably. 
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porcelain filter. Iron is present in cow’s milk, according to Edel- 
stein and Csonka, in amounts of 0.4 to 0.7 mgr. per liter, or an 
average of 0.5. 

The salts are essential for the food of the young. There is 
a balance between the salts and the other constituents of milk, 
and any cause which affects the one also affects the other. The 
condition of the salts is changed by loss of CO 2 , heating, formation 
of acid, diseases of the animals, food, lactation period, etc. Ren¬ 
net action is influenced by the salts in milk. These changes will 
be discussed later. The salts sometimes produce almost an al¬ 
kaline reaction in milk derived from aged or diseased cows, and 
rennet then fails to coagulate the casein. 

The salts arc indirectly derived from food and drinking-water. 
Some salts pass through the mammary gland and reapiiear in the 
milk. Sodium sulphate, if given in large quantity with the food, 
can l)e recovenal from the milk, while sodimn chlorid passes 
through only in small quantity. 

Rich milk does not necessiirily contain more mineral matter 
than poor milk; in fact, sometimes the reverse is true. 

Casks in Milk 

The gases found normally in milk are oxygen, nitrogen, and 
carlwn dioxid. The total amount of gas in fresh cow’s milk is 
about 7 to 9 volume per cent.; in human milk much less—about 
one-tenth this amount. Since exposure causes milk b) readily 
absorb gases from the air, it has long l)een the custom to remove 
gases by aeration. Animal odors and taints can be largely re¬ 
moved by aeration, but it is clear that milk obtained under cleanly 
conditions will not need aeration, since the source of taints is 
removed. Cases may originate from bacterial activity in milk, 
and this also can be prevented in a measure by cleanly methods 
of milking. It is obvious that presence of undesirable gases largely 
influences the quality not only of the milk but also of milk prod¬ 
ucts, such as butter and cheese. As a matter of fact, cheese fie- 
quently suffers in quality through the action of undesirable gas- 
fonning bacteria. 

Whether the methods of aeration in vogue are effective is a 
question which has lieen exhaustively investigated by Marshall, 
who also gives a complete review of the literature on the subject. 
He iuialyzed the gas formed by absorption of the carbon dioxid 
with potassium hydrate, the oxygen by alkaline pyrogallate, and 
the remnant was estimated as residual gas.' This residual gas is 
usually considered to l>e nitrogen, but Marshall thinks that this 
assumption is not justified, since analy.ses have not been made. 
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normal alkali for neutralization when phenulphthalein was the 
indicator, while human milk required but 2 c.c. per liter. 

Acidity is higher at the beginning of lactation than at later 
periods. Milk from diseased cows is often more alkaline than 
normal milk. 

Variability in the Composition of Milk 

It has been mentioned that milks from different species of 
mammals contain practically the same constituents, but that the 
proportion of these substances varies within wide limits. Varia¬ 
tion in composition is by no means confined to difference in species; 
in fact, there are conditions which cause considerable variability 
in the composition of milk within the .same species. Further¬ 
more, there are differences in com[)osition of milk according to 
breed, individual character, and even in the milk from the same 
individual. The limits of variation in the comixisition of milk 
from different species may be seen from a tnJilp by Leach: 


LIMITS OF VARIATION IN COMrOSITION OK MILK FROM UIKKERENT MAMMALS 



Specific 

gravity. 

Water. 

Casein. 

Al¬ 

bumin. 

Total 

proU'iu. 

Fat. 

I^ac- 

toac. 

Aoh. 

Cow’s milk; 

Mmimtun 

.. 1 0254 

80 32 

1 70 

0 2.') 

2 (17 

1 57 

2 11 

0 35 

Maximum .. 

] 0370 

00 32 

5 20 

1 44 

5 40 

6 47 

0 12 

1 21 

Mean 

I 0.31.') 

87 27 

3 02 

0 63 

3 55 

3 64 

4 88 

0 71 

Humnn mtlk: 

Miniiimtn. 

.. 1 027 

81 00 

e 18 

0 32 

0 50 

I 43 

3 88 

0 12 

Miiximum.. . 

1 032 

01 40 

1 iiG 

2 36 

4 70 

H 83 

8 ;i4 

1 00 

Mt«ii 


87 41 

1 03 

1 20 

2 20 

3 78 

6 21 

0 31 

GomI'r milk 

Minimum . 

. 1 0280 

82 02 

2 44 

0 79 


3 10 

3 26 

0 30 

Maxiiiiuni.. 

1 0350 

00 10 

3 94 

2 01 


7 56 

5 77 

1 06 

Moan 

1 030.-) 

H.") 71 

3 20 

1 00 

4 20 

4 78 

4 46 

0 76 

.Ewp'n milk 

Minimum 

1 0208 

74 47 

3 .W 

0 K3 


2 81 

2 76 

0 13 

Maximum ... 

1 0385 

87 02 

r, 50 

1 77 


0 80 

7 05 

I 72. 

Mfian 

1 0341 

80 82 

4 07 

J M 

5 62 

6 86 

4 01 

0.89 

Mara's milk: 

Moan 

. 1 0347 

90 78 

1 24 

0 75 

1.09 

1 21 

6.67 

0.35 

Ase'n milk; 

Mean. 

.. 1 030 

80 54 

0 67 

1 55 

2 22 

1 64 

5 09 

0.51 


This table shows that the protein, fat, and sugar are subject 
to considerable variation, and that consequently the total solids 
and specific gravity also vary in proportion. It is obvious that 
the taste and food value must be different in the milks according 
to the prevalence of one or the other constituent. 

Cow’s milk has jjecn studied more intensively than any other 
milk, and there are many observations referring to variations in 
the composition of cow’s milk. As a general rule it can be stated 
that the fat is the most variable character; the protein follows 
next in importance, wliile the sugar is less variable, and the ash 
relatively constant. * 

It is clear that the variability in composition of milk is of 
economic importance. The food value of milk is proportionate 
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to the amount of solids present; this is of special importance when 
the milk is destined for infant feeding. Furthermore, the digesti¬ 
bility of milk depends in a measure upon its composition, and 
finally butter and cheese makers are interested to know the quan¬ 
tity of products obtainable from a given milk. Not only the 
quantity but also the quality of milk products is influenced by the 
milk com{X)sition. 

By far the majority of available data on the variability in 
the composition of milk refer to fat content. Ilelutively little 
attention has Ijeen given to other constituents of milk. Further¬ 
more, samples for analysis have frequently been taken without 
consideration of such important, factors as the kind and amount 
gf food taken by the cow and the stage of lactation. There are, 
however, some apparently reliable data at hand and these will 
be discussed under the following heads: 

1. DiffcreTicc in composition due to breed. 

2. Difference in composition due to individuality. 

3. Difference in comiwsition of milk from the same individual. 

4. Difference in composition during the lactation fwiiod. 

6. Difference in conifMjsition due to kind and quantity of food. 

C. Difference in comiwsition due to weather conditions and 

tenqxnature. 

7. Difference in composition due to exercise and other ner¬ 
vous influences. 

8. Difference in conqjosition due to the skill of the milker. 

9. Difference in comjrosition due to the health of the animal. 

10. Difference in composition due to dilution of milk. 

1. Difference in C<mposltion Due to Breed.—It has Ix^en known 
for some time that reported analyses of milk from various coun¬ 
tries show differences. Whether these are due in part to climatic 
conditions is not determined, but the theory has sometimes been 
advanced that the percentage of fat is lower in warm climates 
than in cold ones, since animals do not require as much heat 
energy in southern regions. However this may !.«, it is certain 
that the breeds which are most prevalent are responsible for marked 
differences in milk composition in various countries. That breeds 
differ widely in the composition of the milk they yield is shown by 
the following table taken from Swithinbank jjnd Newman: 

THE COMPOSITION OF MILK FROM SOME BREEDS OF COWS 



Total 


Lao* 

Pro- 


Breed. 

ROlidB. 

Fat. 

lose. 

tedn. 

Ash. 

American Grade Shorthorn. 

13 17 

4 01 

4 36 

4 06 

0 74 

Ayrshire . 

... 12.70 

3.68 

4.84 

3.48 

0.69 

ImoD. 

... 13 21 

4 09 

«32 

4 04 

0 76 

Guertaey.. . 

14 

5 02 

4.80 

3.02 

0.75 

Holirtwn... 

... 12 12 

3 51 

4.69 

3 28 

0.64 

Jersey . 

Shorthorn. 

... 14 34 

4.78 

4.85 

3 96 

0.75 

... 12.45 

3.65 

4.80 

3 27 

0,73 

Brown Pwkn . 

13 06 

4 00 

4.30 

4.00 

0.76 
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It can be seen here that the fat leads in variability, that the 
protein and total solids vary, and that the sugar and ash are the 
least variable. 

Van Slyke and Publow give the following compositions of 
milk from different breeds of cows: 


PERCENTAGE OF FAT AND CASEIN IN MILK FROM DIFFERENT BREEDS 


Breed. fi 

HolBtein-Frk»ian. 3 

Ayrshire 3 

Americao Holderoess ... 4 

Shorthoni. 4 

Devon... . 4 

Guemacy . . 5 

Jeney .... 6 


cent. 

IVr cent. 

Ilelatiou of 

t. 

esAtnu 

fat to cBwm 

26 

2 20 

1 

0 67 

76 

2 46 

1 

0 66 

1)1 

2 63 

1 

0 66 

28 

2 70 

1 

0.65 

8i) 

3 10 

1 

0 63 

38 

2 9) 

1 

0 54 

78 

3 03 

I 

0 52 


These figures show clearly that with increased fat content the 
amount of protein also increases, although not in the same ratio. 
The fat incre.Tses at a greater ratio than the protein. 

A careful and exhaustive study of the differences in the com¬ 
position of milk from four important breeds was made by l.ckles 
and Shaw. The authors examined samples of milk in four-week 
periods throughout the lactation period, thus eliminating one 
source of error resulting from the variation of fat during this period. 
The results are shown in the iollowing table: 


THE COMPOSITION OF MILK FROM DIFFERENT BREEDS OF COWS 


Breed. 

Total 

Bolids. 

Fat. 

Total 

IirtF- 

torn. 

(laAcin. 

Jeiwy 

. 14 00 

4 

3 64 

2 93 

Ayrabirc 

. 12 41 

3 68 

3 25 

2 70 

Holeteiii 

11 38 

3 00 

2 93 

2 36 

Sborthom.. .. 

12 09 

3 73 

3 38 

2 74 


BufRtr. 

Bute 

of fat Reichert* 
lclol>> M(4wi 
ule. nurolier. 

lodm 

num¬ 

ber. 

KfX'tta- 

torfer 

num¬ 

ber. 

MeUinit- 

ixiiiit 
of fat. 

4 87 

328 

26 73 

30 52 

228 9 

32 95 

4 90 

1.50 

25 93 

31 61 

228 2 

33 47 

4 51 

142 

25 40 

34 20 

229 1 

32 58 

4 90 

282 

26 28 

34 36 

227.8 

33 23' 


The work of Ecktes and Shaw brings out the following impor¬ 
tant facts in regard to the variability of milk constituents from the 
breeds examined: 

Fat: The fat represents 28 to 35 per cent, of the total solids, 
and varies within these limits according to breed. While m Jer¬ 
sey and Guernsey milk an average of 34.9 per cent, of the solids 
is fat, it is but 28.1 per cent, in Holstein milk. According to 
Eckles and Shaw there seems to lie no appreciable difference in 
the nature of the fat of different breeds, except in the size of the 
globules. In Jersey and Shorthorn milk large globules are pre¬ 
dominant, while in Ayrshire and Holstein milk there are chiefly 
small globules. Tljp relation of the size of globules is given in 
the following figures: Jersey milk, 328; Shorthorn milk, 282; 
Ayrshire, 150; Holstein, 142. This relation is graphically illus¬ 
trated in circles in Fig. 25. 
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The Reichert-Meissl number is lowest in Holstein fat, next 
higher in Ayrshire, and then follow Shorthorn and Jersey fat in 
the order named. 

The variation in the iodin number is due to breed. In Short¬ 
horn and Holstein fat it is higher than Ayrshire and Jersey fat. 
High iodin numbers are usually coincident with low Reichert- 
Meissl numbers. The saponification number of Koettstorfer 
shows little variation, and the melting-point of fat is nearly the 
same. 

Proteins; Jersey milk has a higher protein content than the 
other kinds. Holstein milk has the smallest amount. This 
shows that milk with high fat content has akj a high protein per¬ 
centage, but the two constituents do not increase in the same 
ratio. 

The relation of the amount of casein to fat is about the same 
as the relation of the total protein to fat. Rased on this fact. 



Fig. 2.5.—The relative size of fat globules (Eckles and Shaw). 


Van Slyke has worked out a formula for determining the amount 
ot casein in milk when the percentage of fat is known. If F. 
represents the percentage of fat in milk, the casein can be found 
by this formula; 

{F.— 3) by 0.4 -F 2.4 = percentage of casein in milk. 

This formula gives the cheese maker a' method for finding the 
amount of casein in milk after the fat content has been efeter- 
mined. It does not hold good when the milk is derived from cows 
in the last stages of lactation, since the protein is relatively high 
at this period. Of course, the formula is not«applioable when re¬ 
fined results are desired. 

Hart said that “the relation of casein to fat varies among ani¬ 
mals of different herds and among animals of the same breed.” 
Eckles and Shaw found similar relations, fhe following figures 
show the ratio between fat and casein: 
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RATIO BETWEEN FAT AND CASEIN 


Ouenaey. 

Shorthorn.. . . 

Jeney. 

Ayrshire ... . 
Hobtoin. 


Awthonty. 

Fat Caaeia. 

...Hart 

1 90 : 1 

Eckks and Shaw 

1 36 : 1 

1 Hart 

1 72 : ] 

\ Ecklea and Shaw 

1 69 : 1 

1 Hart 

1 44 : 1 

\ Eckiea and Siiaw 

1 30 : 1 

j Hart 

I 49 : 1 

\ Eokleo and Bhaw 

1 31 : 1 

breeds with 

high fat content 


Van Slykc and Publow state that in milk with a high percent¬ 
age of fat the albumin foniis a smaller part of the total protein than 
in milk with low fat content, when the composition of different 
breeds is considered. Casein, on the other hand, forms a larger 
part of the total protein when the fat content is high. These 
statements are substantiated by Van Slyke and Publow by the 
following figures: 


INFLUENCE OF BREED UPON RELATION OF CASEW AND 

AIpBUMIN 

Relation 
of coHoin 

Per oeoi. 
casein 

Breed 

j*cr cent. 

Per cent. 

I’ct cent. 

For cent. 

tt> al< 

of 

fat. 

protein. 

casein. 

uliiumin. 

bumin 

protein. 

Holstm-Frieflian 

3 20 

2 84 

2 20 

0 64 

1 -3 4 

77 5 

Ayrshire 

3 76 

3 07 

2 46 

0 61 

I :4 0 

80 1 

Aiuencan Holdmiees. 

4 01 

3 32 

2 63 

0 69 

1:3 8 

79 2 

Shorthorn . 

4 2K 

3 43 

2 79 

0 64 

1:4 5 

61 3 

Devon 

4 89 

3 93 

3 10 

0 83 

1:37 

78 0 

Guernsey . 

5 38 

3 r>6 

2 91 

0 6r> 

1:4 5 

61 7 

Jersey 

6 78 

3 68 

3 03 

0 65 

1:4 7 

82 3 


Jersey milk with a high {percentage of fat has 82.3 per cent, of 
the total {Protein as casein utid 17.7 {xpr cent, albumin, while 
Holstein milk has only 77..5'{per cent, of the total protein as casein 
and 22.5 {per cent, albumin. This information is important to 
the cheese maker, who can obtain a higher yield of clpcesc from 
milk rich in casein. 

White and Judkins show the variation in composition of milk 
from different breeds in the following figures: 

VARIATION IN COMPOSITION OF MILK FROM DIFFERENT BREEDS 



Fat. 

Plasma solids. 

Breed. 





, Avenue. 

Limits. 

Avotbkc. 

linuts. 


Jerseys. 

6 32 

4 25 to 6 40 

9 07 

8 52 to9.56 

Quernseys. 

4 49 

4.12 to 4 79 

8.92 

8 57 to 0 27 

AvTrfnres. 

HolsteiDs. 

4 10 

3.85 to4 42 

8 62 

6.62to9.24 

3 41 

3 02to3 86 

8 63 

8 09to8 83 


Milk-sugar and ash: There is no appreciable variation in the 
percentage of sugar and ash in the milk of different breeds. 
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The facts cited show clearly that milk from some breeds con¬ 
tains more nourishment than that from others. However, this is 
not an unqualified advantage, since fat consisting chiefly of large 
globules is not as readily digested as fat composed of small glob¬ 
ules. Moreover, when milk is used for infant feeding the dis¬ 
advantage of large globules of fat, coupled with the large number, 
is a decided disadvantage. 

2. Difference in Composition of Milk Dm to Individuality .— 
Milk from individual cows may show considerable difference in 
composition. It occurs not infrequently that in a herd a cow 
will produce twice as much milk as another of the same breed, 
ancestry, age, and receiving the same feed and care. Eekles and 
Reed think that the difference in quantity produced is due to the 
amount of food consumed in excess of the quantity necessary for 
maintenance, and that the ratio between the food availat)le for 
milk production and the milk produced is practically the same 
with each cow. A superior dairy cow, therefore, is one that is 
capable of using foo'd in quantity above that required for main¬ 
tenance and using the excess of food for milk production. The 
authors give figures on the quantity of milk and fat produced from 
two cows during two lactation periods as follows: 


THE QUANTITY OF MILK AND FAT PIIODUCKD BY TWO JEaSEY COWS 



('ow 27. 

(-OW 62. 

LIm. milk. 

1 Lbs. flit. 

Lhfl. milk. 

Lbs. fat. 

First iactotioQ period 

4552 

m 8 

878 ; 

44 1 

Becoiid lacUtioD ponud . 

7174 

377 (( 

3189 1 

114 8 

Numbw of days in milk 

3ft5 1 

23 

2 


Reduced to the same number of days. Cow 27 during the first 
lactation period would have produced 2894 pounds of milk and 
152 pounds fat; in the second lactation period she would have 
produced 4500 pounds of milk and 240 jmunds fat. The produc¬ 
tivity of cow 27 was, therefore, much greater than that of Cow 62. 
It is further worthy of note that during the second lactation 
period a larger quantity of milk was producec|„than during the first. 
That this is the usual experience has been referred to before. 

Individual differences are made clear by a table given by Eekles 
and Reed, showing the records of daughters of the same sire: 
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RECORDS OP THE DACOHTER8 OF THE SAME HRE 


Number of 


Cow. 

lactatioa perkxb 

Lbi. milk. 

Lbi. fat. 

Per eoit. fat 

1 

1 

4910 

205 5 

4 18 

3 

1 

4728 

267 0 

6 06 

3 

2 

3456 

193 7 

5 60 

4 

2 

8807 

462 1 

6 25 

5 

3 

6750 

365 8 

5.40 

6 

3 

2225 

109 4 

4 00 

7 

3 

4m 

227 0 

4 81 

8 

3 

53:i6 

273 7 

5 10 

9 

3 

4660 

223 8 

4 50 

10 

3 

4909 

287 9 

5 86 

11 

3 

6582 

355.9 

5 40 

12 

3 

6844 

331 0 

4 84 

18 

3 

6271 

23H 5 

4 50 

14 

3 

6776 

320 6 

6 56 

19 

4 

7746 

405 6 

5 24 

16 

4 

5053 

247 3 

4 89 

17 

4 

4073 

184 0 

4 60 

18 

5 

6151 

309 8 

5 03 

19 

9 

6322 

273 1 

4 32 


If the total milk production of cows having the same number 
of lactation periods in the table is compared it will be seen that 
there is a great difference. The variation in fat is also con¬ 
siderable, a fact which is illustrated in the last column. All 
these cows were of the same sire, .and the differences must be 
ascrited to individual differences in character. 

In regard to the differences in quantity of milk constituents 
contained in the milk of individuals of the same breed, the general 
rule seems to Ire that the individual follows closely the average 
milk composition of her breed. Stilt there are variations even in 
this re-sfiect. The total solids, fat, and protein vary to some 
extent, while the milk-sugar—according to Eckles and Shaw— 
shows greater variation in milk from individual cows than the 
average of the breed. The ash, as might be expected, shows 
practically no variation, llsmilly the greater the fat and prol- 
tein in the milk of a breed, the greater also is the individual 
variation. Therefore in .Jersey milk individual variations are 
more marked than in the milk of other breeds. 

3. Difference in Milk from, the Same Individual.—A variation in 
the composition of milk from an individual cow exists: 1, lietween 
milk from different milkings; 2, tetween morning and evening 
milk; 3, between fore-milk, middle milk, and strippings. 

It is usually thought that the difference in composition under 
the three condition^ mentioned is confined to the fat content. 
Fat unquestionably is the most variable factor, but other con¬ 
stituents vary also. In comparing analyses of morning and 
evening milk Eckles and Shaw give the extremes of fat variation 
in a series of testa as follows: 56 per cent, came within 0.3 per cent, 
of the average; 27.7 ^r cent, between 0.3 and 0.6 per cent.; 11.7 
per cent, varied lietween 0.6 and 0.9 per cent, of the average, and 
4.6 per cent, varied 0.9 per cent, from the average. 
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The proteins varied less than 0.2 per cent., but the sugar 
not infrequently varied 0.5 per cent, from the average, although 
about 90 per cent, of the analyses showed a variation of less than 
0.2 per cent. 

Morning and evening milk differ chiefly in the greater fat 
content of the former. This, however, depends largely upon the 
period elapsing between milkings.. When cows are milked twice 
daily, exactly twelve hours apart, the difference in fat content is 
slight. Eckles and Shaw state that there is no appreciable dif¬ 
ference in the protein and melting-point of the fat and in the size 
of the fat glolmlcs. The Iteichert-Meissl and the saponification 
numbers are lower in evening milk and the iodin number higher 
than in the morning milk. There is no noticeable variation in 
the amount of sugar. 

There is then, on the whole, no great variation in t.he plasma 
solids between milkings when the intervals are of the same length, 
but the fat is slightly higher in morning milk than in evening milk. 

Compoidlim of Fore-viilk, Middle Milk, and Slrippinyx, —It. is 
a well-known fact that the strippings (contain more fat than either 
the middle milk or fore-milk. The reason for this phenomenon 
has been stated Icefore. A few illustrations are given here: 


DIFFEHENCE IN FAT CONTENT OK DIFFERENT l>ORTION.S OF MILK (\ AN SLYKE) 

Percentage of fat ja milk of— 

Cow I. Cow 2. C'ow 3, 

Firat portiou drawn 0 90 I 9U 1 60 

Second portion drawn ... 2 60 H 20 3 25 

Third fiurtion drawn 5 35 4 10 .5 00 

Fourth portion drawn (Htrippiugs) 9 KO 8 10 8 30 


Leach gives figures comparing fore-milk and strippings as fol¬ 
lows: 

DIFFERENCE OF COMPOSITION OF FORE-MILK AND STRIPPINGS 


Fure'inilk 
Strippings .. 


Water. 

Solida. 

Fat. 

( K8 17 

11 fHi 

1 32 

1 88 73 

11 27 

I 07 

f80 32 

19 18 

9 6.1 

i 80 37 

19 63 

10 36 


Richmond gives the following two tables, one showing the 
composition of morning and evening milk, the other the results 
of partial milking by analysis of six portions: 


COMPOSITION OF MORNING AND EVENING MILK 


Mon^ . 
Evening.. 


Pi>rtion. 
Total aolida. 


Fat 

Plaama eotids... 


Specific 


ToUl 

.PlAsma 



gravity. 


aulidfl. 

* aolids. 


Faf. 

1 0323 


12 47 

8.61 


3.56 

1 0316 


12.83 

8 90 


3.93 

iges for seventeen- years throughout the year. 


PARTIAL MILKING 

« 



1 

2 

3 

4 

5 

6 

10 47 

10.75 

20 85 

11.23 

n.6s 

12.67 

1 70 

1.76 

2.10 

2.54 

3.14 

4.08 

8 77 

8.69 

8.75 

8.59 

8.49 

8.59 
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RECORDS OP THE DACOHTER8 OF THE SAME HRE 


Number of 


Cow. 

lactatioa perkxb 

Lbi. milk. 

Lbi. fat. 

Per eoit. fat 

1 

1 

4910 

205 5 

4 18 

3 

1 

4728 

267 0 

6 06 

3 

2 

3456 

193 7 

5 60 

4 

2 

8807 

462 1 

6 25 

5 

3 

6750 

365 8 

5.40 

6 

3 

2225 

109 4 

4 00 

7 

3 

4m 

227 0 

4 81 

8 

3 

53:i6 

273 7 

5 10 

9 

3 

4660 

223 8 

4 50 

10 

3 

4909 

287 9 

5 86 

11 

3 

6582 

355.9 

5 40 

12 

3 

6844 

331 0 

4 84 

18 

3 

6271 

23H 5 

4 50 

14 

3 

6776 

320 6 

6 56 

19 

4 

7746 

405 6 

5 24 

16 

4 

5053 

247 3 

4 89 

17 

4 

4073 

184 0 

4 60 

18 

5 

6151 

309 8 

5 03 

19 

9 

6322 

273 1 

4 32 


If the total milk production of cows having the same number 
of lactation periods in the table is compared it will be seen that 
there is a great difference. The variation in fat is also con¬ 
siderable, a fact which is illustrated in the last column. All 
these cows were of the same sire, .and the differences must be 
ascrited to individual differences in character. 

In regard to the differences in quantity of milk constituents 
contained in the milk of individuals of the same breed, the general 
rule seems to Ire that the individual follows closely the average 
milk composition of her breed. Stilt there are variations even in 
this re-sfiect. The total solids, fat, and protein vary to some 
extent, while the milk-sugar—according to Eckles and Shaw— 
shows greater variation in milk from individual cows than the 
average of the breed. The ash, as might be expected, shows 
practically no variation, llsmilly the greater the fat and prol- 
tein in the milk of a breed, the greater also is the individual 
variation. Therefore in .Jersey milk individual variations are 
more marked than in the milk of other breeds. 

3. Difference in Milk from, the Same Individual.—A variation in 
the composition of milk from an individual cow exists: 1, lietween 
milk from different milkings; 2, tetween morning and evening 
milk; 3, between fore-milk, middle milk, and strippings. 

It is usually thought that the difference in composition under 
the three condition^ mentioned is confined to the fat content. 
Fat unquestionably is the most variable factor, but other con¬ 
stituents vary also. In comparing analyses of morning and 
evening milk Eckles and Shaw give the extremes of fat variation 
in a series of testa as follows: 56 per cent, came within 0.3 per cent, 
of the average; 27.7 ^r cent, between 0.3 and 0.6 per cent.; 11.7 
per cent, varied lietween 0.6 and 0.9 per cent, of the average, and 
4.6 per cent, varied 0.9 per cent, from the average. 
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The proteins varied less than 0.2 per cent., but the sugar 
not infrequently varied 0.5 per cent, from the average, although 
about 90 per cent, of the analyses showed a variation of less than 
0.2 per cent. 

Morning and evening milk differ chiefly in the greater fat 
content of the former. This, however, depends largely upon the 
period elapsing between milkings.. When cows are milked twice 
daily, exactly twelve hours apart, the difference in fat content is 
slight. Eckles and Shaw state that there is no appreciable dif¬ 
ference in the protein and melting-point of the fat and in the size 
of the fat glolmlcs. The Iteichert-Meissl and the saponification 
numbers are lower in evening milk and the iodin number higher 
than in the morning milk. There is no noticeable variation in 
the amount of sugar. 

There is then, on the whole, no great variation in t.he plasma 
solids between milkings when the intervals are of the same length, 
but the fat is slightly higher in morning milk than in evening milk. 

Compoidlim of Fore-viilk, Middle Milk, and Slrippinyx, —It. is 
a well-known fact that the strippings (contain more fat than either 
the middle milk or fore-milk. The reason for this phenomenon 
has been stated Icefore. A few illustrations are given here: 


DIFFEHENCE IN FAT CONTENT OK DIFFERENT l>ORTION.S OF MILK (\ AN SLYKE) 

Percentage of fat ja milk of— 

Cow I. Cow 2. C'ow 3, 

Firat portiou drawn 0 90 I 9U 1 60 

Second portion drawn ... 2 60 H 20 3 25 

Third fiurtion drawn 5 35 4 10 .5 00 

Fourth portion drawn (Htrippiugs) 9 KO 8 10 8 30 


Leach gives figures comparing fore-milk and strippings as fol¬ 
lows: 

DIFFERENCE OF COMPOSITION OF FORE-MILK AND STRIPPINGS 


Fure'inilk 
Strippings .. 


Water. 

Solida. 

Fat. 

( K8 17 

11 fHi 

1 32 

1 88 73 

11 27 

I 07 

f80 32 

19 18 

9 6.1 

i 80 37 

19 63 

10 36 


Richmond gives the following two tables, one showing the 
composition of morning and evening milk, the other the results 
of partial milking by analysis of six portions: 


COMPOSITION OF MORNING AND EVENING MILK 


Mon^ . 
Evening.. 


Pi>rtion. 
Total aolida. 


Fat 

Plaama eotids... 


Specific 


ToUl 

.PlAsma 



gravity. 


aulidfl. 

* aolids. 


Faf. 

1 0323 


12 47 

8.61 


3.56 

1 0316 


12.83 

8 90 


3.93 

iges for seventeen- years throughout the year. 


PARTIAL MILKING 

« 



1 

2 

3 

4 

5 

6 

10 47 

10.75 

20 85 

11.23 

n.6s 

12.67 

1 70 

1.76 

2.10 

2.54 

3.14 

4.08 

8 77 

8.69 

8.75 

8.59 

8.49 

8.59 
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are, in general, in harmony with previous findings, and have added 
a great deal of valuable evidence to facts already known. With 
the exception of the ash content their work covers the quantita* 
tive change in milk constituents during the lactation period in a 
very thorough manner. The reports are given on milk examina¬ 
tions covering four-week periods during the whole length of lac¬ 
tation. The material wivs obtainetl from 11 cows belonging to four 
different breeds, namely, Jerseys, Holsteins, Ayrshires, and Short¬ 
horns. The following table, condensed from the author’s detailed 
reports, gives the total milk production and fat from the breeds 
whose milk was examined: 


THE AMOUNT OF MILK AND FAT PRODUCED BY 8 JERSEYS, 3 HDIJITEINS. 2 AYRSHIRES. 
AND 3 SHORTHORNS DURINH A LACTATION PERIOD IN FOUR-WEEK PERIODS 



1 JerBoifi. 1 

1 

Hulstfnna 

j Ayrahirw. 

1 Hhortbomfi. 

Period. 









i 

! Lbfl milk. 

LIm. fat. 

Um. milk. 

Lbs. fat 

IJiH milk 

Lbs. fat. 

Lbs. milk. 

Lbs. fat. 

, 

630 0 

38 41 

1058 2 

32 69 

725 1 

• 

28 48 

745 9 

29 95 

2 

001 0 

3.3 80 

1071 5 ! 

30 62 

727 2 

26 59 

699 6 

26 74 

3 

500 0 

27 51 

013 0 

25 22 

704 2 

24 94 

606 2 

21 90 

4 

55:1 .3 

26 31 

813 8 

25 24 

674 5 

23 95 

596 2 

20.76 

5 

505 5 

24 45 

770 » 

23 81 

m 4 

23 18 

586 5 

20 68 

6 

4K7 4 

23 97 

720 6 

21 72 

686 0 

23 27 

550 2 

19 47 

7 

472 0 

15 

695 0 

21 01 

574 4 

20 84 

502 9 

18 35 

K 

451 5 

21 60 

686 3 

21 12 

483 5 

18 16 

462.7 

17 17 

» 

430 6 

21 20 

080 7 

20 7.1 

4:i4 6 

15 99 

346 8 

14 80 

10 

456 6 

22 22 

560 1 

18 46 

35.5 6 

13 ;io 

196 9 

8 12 

11 

m 7 

18 64 

427 0 

14 30 

:i32 9 

14 21 

103 .3 

4 30 

12 

270 0 

14 71 i 

359 3 

13 10 

235 0 

9 ;io , 


13 1 

366 3 1 

20 02 

311 6 

II 50 

IZi 7 




14 

1.50 fl 1 

9 74 

139 7 

6 20 


5 10 j 




The figures show that at the commencement of the second 
four-week period the quantity of milk from Holsteins and Ayr¬ 
shires increased slightly, and from that time on decreased gradually 
for eight to ten periods, and rapidly toward the end of lactation. 
The apparent increase in Jersey milk production from the twelfth 
to the thirteenth period has no significance, as it is duo to the 
dropping out of two of.the animals which were leas productive 
than the third one. This increased the figure, of course. The 
milk from the other two breeds diminished steadily, but in giving 
these figures in four-week periods an increase during the first 
period may be observed. The amount of fat produced was in 
proportion to the d(?f:reaae of total miUc-supply. 

The detailed results of analyses of milk constituents during 
the period of lactation have lieen tabulated by the authors in a 
large number of elaborate tables from which the most important 
figures are incorporated in the following summary: 
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THE VAEUTION OF MILK CONSTITUENT? DURING THE LACTATION PERIOD IN FOUR- 
WEEK PERIODS 


Penod. 

ToUl 

pro- 

t«Q. 

Ca. 

fiem. 

Al¬ 

bumin. 

Fat. 

Sugar. 

Total 

aoluls. 

Sue 
of fat 
glob- 
ulea. 

Keioh- 

(srtp 

M^l 

number. 

lodin 

num¬ 

ber. 

Korttfl* 

torfer 

num¬ 

ber. 

Meit- 

mg- 
poiot 
of fat. 


3 25 

2 68 

(I 300 

4 00 

4 H7 

12 74 

357 

29.13 

33 28 

233.7 

31 73 

2 

3 00 

2 :w 

0 287 

3 W 

4.84 

12 26 

401 

27 49 

31 58 

230.4 

32 96 

3 

3.06 

2 4U 

0 255 

3 79 

4 94 

12.29 

249 

27.06 

32.22 

231 0 

32.82 

4 

3 13 

2 49 

0 255 

3 77 

4 82 

12 24 

256 

26 45 

30 85 

220.6 

33 08 

5 

3 26 

2 62 

0 262 

3 82 

4 80 

12 35 

200 

26 58 

31 36 

229 2 

33.28 

6 

3 25 

2 68 

0 208 

3 79 

4.75 

12 .KI 

204 

20 40 

31 72 

228 9 

33.25 

7 

3 32 

2 6H 

0 274 

3 83 

4 88 

12 01 

201 

25 52 

32 96 

226 7 

33.32 


3 32 

2 74 

0 268 

3 K5 

4 Xi 

12 70 

192 

2.5 20 

33 26 

226 7 

33.41 


3.57 

2 87 

0 281 

3 07 

4 02 

12 78 

180 

24 23 

34.56 

225 6 

33.51 

10 

3.H.3 

3 06 

0 306 

4 II 

4 .55 

13 16 

152 

22 48 

3 .') 41 

223 4 

33 94 

11 

3 80 

3 19 

0 332 

4 22 

4 74 

13 16 

118 

22 IH 

.35 48 

223 8 

34.68 


4 OK 

3 38 

0 357 

4 54 

4 91 

14 04 

166 

20 29 

35 17 

220 6 

33 85 

13 

4 34 

3 64 

0 29:1 

4 66 

4 50 

14 23 

110 

17 20 

39 22 

216 6 

36 48 

14 

4 08 

3 70 

0 287 

6 08 

5 01 

15 29 



39.03 



On the 

basis of these figures. 

the quantitative 

variation in milk 


constituents is, liriefly, as follows; 

Total Protein.—The. total protein hcniiis high right after the 
colostrum period, and diminishes for from four to six weeks. The 
lowest point is then*maintained up to about the eighth month of 
the lactation iieriod, and the percentage then rises. The rise is 
rapid toward the end of lactation. 

There is a wide range of variation in the total protein during 
the lactation period; the variation on the basis of four-weekly 
figures is greater than that of fat. The daily tiuctuations of fat, 
however, are always greater than those of protein. 

In colo.strum then; is an abnormal amount of albumin and, 
therefore, the total protein is also great. The r>ercentage then 
decreases rapidly' up to a point, when the decrease ceases. From 
this time on the increase is slight, but aliout two months before 
the close of lactation the increase is marked. 

Eckles and Shaw think that the decline of protein after the 
colostrum period can be explained by assuming that the cow 
accumulates consideralile of body substance during pregnancy 
and that part of this body fat is converted into milk protein, and 
“after calving she does not consume suflicient food to furnish 
maintenance and support milk production.” 

If the amount of protein in milk during the first four-weekly 
period of lactation is placed at 1(K), the relation of the other pe¬ 
riods becomes manifest. The successive figures are these: 100, 94, 
94, 9t), 100, 100, 102, 102, 110, 118, 120, 1^5, 133. The initial 
decline, the constancy for four months, anil the final increase are 
clearly expressed in the.se figures. 

Casein. —The variation of casein is similar to that of total 
protein. If the amount of casein in the snilk during the first 
period is placed at 100, the relation of the amounts in the later 
periods compares as 100 to 88, 93, 93, 100, 100, 102,107,114,119, 
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126, 136, and 138. The casein apparently declines for three jie- 
riods, the next two periods are about equal to the original 
amount, and after these there is at first a slow, and later a rapid 
increase. 

Albumin also varies according to the same rule as casein and 
total protein—up to the last month or two and during the final 
stage of lactation there is a rapid increase. Again, taking the 
amount of casein in the milk during the first iwriod as 100, the rela¬ 
tion, as lactation progresses, is expressed in the following figures: 
100 (first period), 05, 85, 85, 87, 80, 01, 80, 03, 102, 111, 110, 07, 06. 
The last two figures are from three cows whose lactation period 
exceeded that of the others, and, therefore, are likely to have no 
significance. 

The relation of casein, allnimin, and residual protein to total 
protein is expressed in the following table of Eckles and Shaw; 

KEUTION OF CASEIN. ALBCMIN. AND RESIDUAI, NITHOOEN TO TOTAL NITROGEN BY 
FOUR-WEEK PERIODS • 


Period. 

ToUl N. 

(Win N., 
jicr cent. 

Aliiumin N., 
per cent. 

Hemdua! N., 
iw cent. 

1 , . 

100 

82 

» 

ft 

2 

100 

78 

0 

13 


. 100 

80 

8 

12 

4 

100 

80 

8 

12 

ft 

100 

81 

8 

11 

ft . 

KM) 

81 

8 

11 

7 

100 

HI 

8 

11 

8 

100 

82 

K 

10 

0 

100 

82 

8 

10 

10 

100 

81 

8 

11 

I! . 

100 

a3 

ft 

8 

12 

100 

83 

0 

8 

13 . . 

100 

84 

7 

0 

14 

100 

82 

ft 

12 






Averaffe ... 

100 

81 4 

8 1 

11 


The relative quantities of casein, albumin, and total protein 
are consistent throughout the lactation period. 

\’an Slyke and Publow give a table on the relation casein and 
albumin bear to total protein, which shows also that the amount 
of these substances ri.ses*in nearly the same ratio during the lac¬ 
tation period. The figures of these authors follow: 

INFLUENCE OF LACTATION UPON THE RELATION OF CASEIN TO ALBUMIN 


iVr ornf. 
Kelation of cuRein iii 



Per cent. 

Per cent. 

Per cent. 

alhunnn to 

total 

Per cent. 

Month. 

pnitein. 

casein. 

albumin. 

cariein 

prritetn. 

fat. 

1 ... 

.. 3 1ft 

2 54 

0 62 

1 

4 1 

80 4 

4 30 

2. .. 

... 2 99 

2 42 

0 57 

1 

4 2 

80 9 

4 11 

3 . 

.. 3 (H 

2 4ft 

0 58 

1 

4 2 

80 ft 

21 

4 

... 3 13 

2 52 

0 61 

1 

4 1 

80 ft 

4 25 

A . 

.. 3 25 

2 61 

0 64 

I 

4 1 

80 3 

4 38 

ft , . 

... 3 33 

« A8 

0 65 

1 

4 1 

80 5 

53 

7.... 

... 3.40 

2 74 

0 66 

1 

4 2 

8() ft 

4 67 

8 .... 

... 3,47 

2 80 

0 67 

1 

4 2 

80,7 

60 

9,... 

.. 3 57 

2 90 

0 67 

1 

4 3 

81 2 

4 67 

10 ... 

.. 3 79 

3 01 

0 78 

1 

3 9 

70 4 

4 90 

a.... 

4.04 

3.13 

0 91 

1 

3 4 

77.6 

5,07 
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These figures show that the relation of casein to albumin r^ 
mains constant up to the ninth month, after which the albumin 
increases more rapidly than the casein. 

^al .—The fat declines for about three months, to remain con¬ 
stant for the following four to five months, and finally to increase 
rapidly at the end of lactation. There is a parallelism between the 
increase or decrease of protein and fat, although the protein in¬ 
crease is somewhat greater than the fat increase. Therefore the 
protein is influenced in larger measure by the period of lactation 
than the fat. It should be remembered that other causes for 
variation in fat may be in operation at the same time that the 
change caused by progress of lactation is taking place. Among 
these causes are the differences in fat content between winter and 
summer milk; further, differences between changeable conditions 
of the animal, such as accumulation of body fat during pregnancy 
and other abnormal conditions. Any sudilen decline in milk pro¬ 
duction is usually {iccompanied by a marked increase in sohds, 
especially in fat. 

The relation of fat to total protein, casein, and milk-sugar is 
demonstrated in the following table, compiled from the work of 
Eckles and Shaw. The fat is uniforndy placed at, 1. 


RELATION OF FAT TO TOTAL PROTEIN, CASEIN, AND MILK-SUGAR 


Pwlod 

Fut ; total priiUnti. 

Fat : ca«un. 

Fat: niilk<suffar. 

1 

1 0 HI 

1 ; 0 67 

1:1 22 

2 

1 :0 79 

1 :0 61 

1 ; 1 30 

3 

1 :0 81 

1 0 66 

1 • 1 36 

4 

1 :0 83 

1 0 66 

1 • 1 31 

5 

1 .0 8S 

1 0 69 

1 • 1 29 

6 

1 0 86 

1 0 71 

I ; 1 30 

7 

1 0 87 

1 :0 70 

1 : 1 32 

8 

1 .0 86 

1 .0 71 

I : 1 28 

0 

1 .0 90 

1 :0 72 

1 ■ 1 20 

10 

1 • 0 93 

1 :0 74 

1 ; 1.13 

11 

1 :0 92 

1 • 0 76 

1 : 116 

12 

1 :0 90 

1 :0 74 

1 : 1 12 

13 

1 U 9.i 

1 :0 78 

1 :1 05 

14 

1 :0 80 

1:0 73 

1:1 06 


In total protein and casein the figures approach each other, 
which shows that, as the lactation period advances, protein and 
casein increase at a more rapid pace than does the fat. The figures 
giving the relation of milk-sugar and fat also approach each other, 
but this shows that the fat increases while the milk-sugar remains 
practically unaltered. 

The ratio lietwcen fat and total protein is reduced constantly 
as shown in the above table. This is due, of course, to a greater 
increase of fat than of protein. The relation of fat to casein is 
shown in the following table of Van Slyke and Publow; 
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REUHON OF FAT AND CASEIN DURING THE UCTATION PERIOD 




Per ceat. 
{at. 


Pof cent, 
caaan. 


Relatkui hi 
to euein. 


1 

2 

3 

4 

5 

6 
7 
6 

9 

10 
11 


4 30 
4 11 
4 21 
4 26 
4.3H 
4 53 
4 57 
4.59 
4 67 

4 90 

5 07 


2 54 
2 42 
2 46 
2 52 
2 61 
2 68 
2,74 
2 84 

2 90 

3 01 
3.13 


1:0 59 
1:0.69 
1 :0.58 
1 ;0 59 
I . 0 60 
1 :0 50 
1 :0 60 
1 :0 61 
1.0.62 
1:0 62 
1:062 


According to these figures, the casein decreases in somewhat 
greater proportion than the fat, and toward the end of lactation 
increases in greater proportion. 

Milk-sugar is less variable than either proteins or fat. This 
is agreed to by all authorities. The amount of sugar is very con¬ 
stant throughout the whole lactation period with the exception 
of a slight decline toward the enfl. 

ToUil Solids .—The total solids naturally follow the decrease 
and increase of proteins and fat , modified onl^ by the relative con¬ 
stancy of the milk-sugar and ash. There is a decline during the 
first and sometimes during the second month, followed by little 
change up to the eighth or ninth month, and finally a marked 
increase. 



Fig. 26.—The decrease of the fat globules during the lactation period (Eckles 
and Shaw). 


In the experiments of Eckles and Shaw the protein represented 
27 per cent, of the totaV solids at the iieginning of lactation, and 
increased so that at the end 3 per cent, were added. Casein in¬ 
creased slightly more than the total solids, while albumin increased 
slightly less. The fat constituted 31,3 per cent, of the total solids 
and increased 2 pei^cent. by the time the end of lactation was 
reached. The milk-sugar averaged 37 per cent, of the total solids. 
In the lieginning it was 38.2 per cent, and at the end 32.8 per cent. 

The relative increase of sugar as compared with that of fat— 
in the beginning of the lactation period—is only apparent, and is 
due to the decrease 6f fat. The sugar remains nearly constant 
except for a decline toward the close of lactation. 

The fat globules underwent a characteristic change during 
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lactation. For the first six weeks there was a marked decline; 
then they remained fairly constant in .size, and at the close of lac¬ 
tation decreased rapidly. The number of globules increased as 
the size diminished. ' Ciraphically the decrease in size is given in 
Fig. 20. 

According to Eckles and Shaw the melting-point of the fat 
ro,se slightly as the size of the globules diminished. However, at 
the end of lactation there was sometimes a marked rise. 



Fig. 27,—Chart showing the relativesize of fat globules, the Reichert-Meissl 
number, the iodin number, the saponification number, and the melting-point 
(Eeklea and Shaw). 

The Reichert-Meissl number decreased gradually during the 
major part of the lactation period and declined more rapidly to¬ 
ward the end. There is a remote possibility that butter has a 
lower Reichert-Meissl number than 25 if obtained from the milk 
of a small herd with a number of cows in the last stages of lacta¬ 
tion. Richmond suggests that butter with 'a lower number than 
25 must lie looked upon as su.spicious, but such an assumption 
should be treated with caution. 
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The iodin number was irregular in the beginning, then in¬ 
creased gradually to within two or three months of the end of lac¬ 
tation, with a rather sharp rise during the last weeks. The co¬ 
incident increase of the melting-point is probably due, as Eckles 
and Shaw .suggest, to a decrease in butyrin, which has a melting- 
point below that of olein. 

The Koettstorfer suixmification numter declined with fair 
uniformity throughout the lactation period. 

The chart (Fig. 27) plotted by Eckles and Shaw clearly .shows 
the curves of the size of the fat globules, the KcicherlrMeissl, 
iodin, and saponification numbers, and the melting-point of 
fat. 

Eckles and Shaw observed an abnormal odor and taste in the 
milk of some cows near the close of lactation. This peculiarity 
was not noticeable in the freshly drawn milk, but appeared within 
twelve, horn's, even when the milk was kept at 10° (1 

The specific gravity of milk falls for a few wreks after the colos¬ 
tra! period, and then rises constantly. 

All authorities agree that the ash remains remarkably uniform 
throughout the lactation period. However, there are slight 
changes similar to those of the other milk constituents which indi¬ 
cate a slight decline during the first three months. This decline is 
followed by a slight l isc for four months and a rather more rapid 
rise during the last three months. Trunz gives the following 
figures to illustrate this point; 

THE VARIABIUTY OF ASH IN MILK 



(’ow 1, 

Cow 2, 

I’oritid. 

|ior I'eiit. 

IMT cent. 

Oolodfruro 

0 774 

0 768 

l''iret three months 

(1 O.'it) 

0 709 

Next four inontlis 

0 66:t 

0 764 

Last three mouths 

0 7M 

0 825 

These figures refer to crude ash. 
lowing results: . 

The pure ash gives 

THE VARIABILITY OF PURE A.SH 

IN MILK 


Cow 1. 

Cow 2. 

IVriod. 

per cent. 

per cent. 

Colostrum • ■ 

0 705 

0.684 

First three months . 

0 SOH' 

0 651 

Next four months f 

0 509 

0 701 

Last three months • . • 

0 676 

0 771 


The initial decline of the ash is [irobably explained by the high 
ash content of colostrum, which gradually decreases as the lacta¬ 
tion period advances? Trunz found 1.052 per cent, of ash in the 
first milking after the birth of the calf and only 0.687 per cent, on 
the sixth day. At the end of lactation he found 0.861 per cent, ash 
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in the milk from one cow and 0.937 per cent, in that from the other 
cow. 

The variation of the chief constituents of ash, according to 
Trunz, is, briefly, as follows: 

Potassium is present in smaller quantity in colostrum than 
in later milk. It reaches a maximum in the second month, then 
declines slowly at first and rapidly during the last two months. 

Sodium declines slightly during the first half of the lactation 
period and rises markedly during the second half. However, it 
is subject to considerable variation. 

Calcium is higher in colostrum than in normal milk and re¬ 
mains about the same after the normal quantity has been reached 
up to the third month Ixifore the close of lactation, when it rises 
slowly. This rise is probably due to the increased amount of 
casein present at the end. 

Chlorin is fairly constant throughout the lactation period. 
The quantity is somewhat smaller in colostrum than in normal 
milk and rises constantly to the end of lactation. 

Phosphoric acid is higher in colostrum than in normal milk and 
declines slowly after the colostral period, at first gradually and 
then more rapidly. In pure ash there is a rise for three weeks and 
then a slow decline. 

Iron and sulphuric acid are present in milk in such small 
amounts that no change can Ire observed. 

If a summary is taken of the variations in milk during the 
lactation period the general iispect is shaped about as follows; 
During the first three to six weeks of lactation the proteins, fat, 
and ash decrease; the size of the fat globules declines rapidly; the 
melting-point of the fat is high and the iodin, Reichert-Meissl, 
and saponification numbers are variable. After this first period 
the compensation remains fairly constant for a period up to within 
about two months of the end of lactation. This [jeriod varies 
according to the whole length of the lactation period. The longer 
the whole period, the longer will the composition remain practically 
unchanged. The sugar remains constant; the size of the fat glob¬ 
ules declines slowly, as do the Reichert-Meissl and saponification 
numbers. Within two months of the end of the lactation period 
there are marked changes. Proteins rise n^rkedly, the fat also 
rises somewhat, the sugar may decline, and the ash rises. The fat 
globules become very small; the melting-point of the fat rises; the 
iodin number increases, while the Reichert-Meissl and saponifica¬ 
tion numbers decline. 

Gestation does not influence the composition directly, but may 
do so indirectly by shortening the period of lactation. A varia¬ 
tion of composition accompanying gestation is, therefore, only the 



GENERAL CHEMISTRY OF MILK 


123 


normal variation usually observed during the lactation period. 
Such are the conclusions reached by Palmer and Eckles from a 
recent study of this question. 

5. Influence of Food on Milk .—Authorities agree that the 
food given to the cows has an intimate connection with milk 
production, speaking both quantitatively and qualitatively. As 
a rule producers have the firm conviction that they can increase 
the yield of milk and fat by feeding certain foods rich in protein 
and fat. Scientific investigations which have been carried on in 
this country and abroad have not entirely confirmed this lielief. 
The use of drugs for increasing the yield of milk and butter-fat 
has, according to McCandlish, also proved futile. 

Studies on suitable rations for cows were commenced by Ger¬ 
man investigators about the middle of the last century and stand¬ 
ards for food balances proposed. A comprehensive literature has 
accumulated since that time, and valuable contributions have 
originated in Germany, Denmark, France, gnd from experiment 
stations in this country. Prominent among these are the stations 
of Vermont, Wisconsin, New York, Illinois, Missouri, Minnesota, 
Pennsylvania, Ohio, (Vinnecticut, Utah, Kentucky, Michigan, 
Massachusetts, Maine, Texas, and others. 

Although there are some points on which there is still some 
difference of opinion, the main results of these studies are harmo¬ 
nious. Contradictory results have been harmonized by [lerfecting 
the nature of the exireriments. Sometimes the {leriod of observa¬ 
tion has l)ecn too brief to warrant the conclusions drawn, as it is 
known that sudden changes in food and of other factors, for that 
matter, cause temporary changes in the quantity and quality of 
the milk produced. These changes gradually disapiwir and opin¬ 
ions based on short period observations have no lasting value. It 
is now generally agreed that feeding experiments should cover 
a sufficient length of time to get the animal accustomed to the 
new rations, and .several months are therefore required to get re¬ 
sults. The longer the aflimals remain under observation, the more 
valuable and trustworthy are the results. 

Like other animals, the cow requires protein, fat, and carbohy¬ 
drate in suitable ratio and quantity. Food is utilized for three 
purposes, namely: If for the growth of young animals; 2, for main¬ 
tenance, that is to say, sufficient food of the right kind and quan¬ 
tity to maintain weight without gain or loss, and 3, for milk pro¬ 
duction. As a rule a good dairy cow is able to convert food in 
excess of her maintenance requirement into milk. However, 
when food is scant a cow will produce milk for a considerable length 
of time by converting body substance into milk in order to care 
for her young and preserve the species. Under such condi- 
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tions the quantity of milk gradually diminishes and the quality 
suffers. 

As shown previously, each breed of cows produces milk of 
characteristic composition. Furthermore, some breeds are known 
to Ije large producers, others the reverse. It has also Ijeen noted 
that individual cows differ in the quantity and quality of milk 
produced. This shows that quantity and quality are determined 
by breed and individuality, and authorities are now of the opinion 
that it i.s impos.sible to materially and permanently alter the milk 
of a given breasd or individual. The influence of food upon milk 
production becomes apparent when underfed cows are dealt with, 
or those that have received improperly balanced rations. This 
has be<m borne out by a large nunitaa' of trustworthy olrservations. 
When a poorly or injudiciously fed herd is placed on a well-bal¬ 
anced ration milk production is increased and the quality improved. 
But this change cannot go beyond the limit which the brewl or 
individual is capable.of producing. 

Wing and Foord cite an exfrerience with a herd who.se produc¬ 
tion was incrca.sed 50 per cent. The fat increased J of 1 per cent. 
This was accomplished by feeding properly balanced rations in 
suitable quantity. Fraser has shown that on a balanced ration 
of a 1 ; C ratio 0 cows produced as much milk as 0 on a 1 ; 11 
ration. 

The “nutritive ratio” expresses the relation of protein to car¬ 
bohydrate and fat. The sum of the weight, of digestible carbohy¬ 
drate plus two and one-fourth times the weight of digestible fat 
is divided by the weight of the digestible protein in the food. The 
result is the nutritive ratio. Investigations have .shown that pro¬ 
tein furthers milk flow and improves the quality. Woll therefore 
argues that a narrow ratio leads to higher milk production than a 
wide ratio. He suggests a standard of 2.15 pounds protein for 
lOfX) [rounds of body weight with sufficient fat and carbohydrate 
to make the nutritive ratio 1 :0.fl. Beach’s experience leads him 
to advocate 2.5 pounds protein and a rittio of 1 :5.(1. Wheeler 
found that narrowing the ratio had a favorable effect upon milk 
production, while widening it fended toward the reverse. 

The kind of food given is not a matter of indifference. Digest¬ 
ibility and the pre.sence of water must Ire con^dered. Dry fodder 
does not further milk flow as woll as succulent food, but moisten¬ 
ing the fotrd will not take the place of giving fresh, succulent fodder. 
It follows that a change from the stable to pasture in early spring 
increases the milk flow and the content of solids. 

However, other conditions unquestionably aid in increasing 
the milk flow from cows that are turned into the pasture after 
ha\’ing spent the winter in a stable. Exercise, fresh air, and sun- 
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shine have a stimulating effect on their general health, and this 
tends to increase their milk production. 

When cows feed tluoughout the year on nature’s balanced 
ration in the open air a difference is observable lietween the milk 
production of the winter montlw and that of the spring and sum¬ 
mer months. During the former food is scarce and not in as good 
a condition as in the latter months. In countrie.s where climatic 
conditions make this jiossible the winter yield of milk is not as 
•rich as that of the summer months. 

Attempts at feeding fat into milk by mixing sulxstances rich 
in fat with the food have not lieen successful. It is true that 
Caspari fed iodized fat and recovei'cd iodin from the milk, although 
he was not able to find iodin in the milk when iodocasein or iodo- 
albumin was fed. But this proves only that fat in the food is in 
part the source of milk-fat, and it does not indicate an increa.se 
in milk-fat when fed in large quantities. Tallow has Insen fed 
with the same object in view, also without .success. Furthermore, 
oils have bi'en emulsified to rcnd(‘r them easily digestible and have 
been mixed with the food. Such excessive rations of fat seem to 
increjuse the fat content of milk for a time, but as soon us the ani¬ 
mal Incomes accustomed to the change in food the normal compo¬ 
sition of the milk reaijiears. 

However, feeding oils and other fats has an influence upon the 
chemical composition of milk-fat. This has l)een proved conclu¬ 
sively. For cxam])le, when cottonseed oil is fed, the butter-fat 
gives cottonseed reaction, according to Woods, t’ottonseed oil 
produces a haid butter; gluten, a .soft butter. The firmness of the 
fat, the melting-]X)int, the iodin number, the quantity of volatile 
acids, api)earance, taste, and flavor arc affected by the kind of 
fat given in the food. 

Feeding foods rich in fat has Ixen attempted in the expecta¬ 
tion that they would increase the richness of the milk. Cot.t()n- 
seed meal, ooeoanut cake, linseed cake meal, palm nut meal, 
iwanut cake meal, malf sprouts, gluten feeds, brewers’ grains, 
molasses feed, and others have increa.sed the fat content for 
a short period, but the normal composition has gradually re¬ 
appeared. 

It must l)c admired that the influence of the food given upon 
quantity of milk produced and on its composition is of far-reach¬ 
ing importance, inasmuch !is careless feeding, underfeeding, or 
feeding unba!anc(>d rations reduce the normal productivity of a 
cow. Judicious feeding, on the other hand, and any factor which 
preserves the health of the animal will cause her to produce the 
quantity and quality of milk which she is capable of producing. 
A careful milk producer will feed rational mixtures and vary them 
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according to the demands of the individual cow and thus insure 
maximum production. 

A cow producing rich milk requires a larger supply of good food 
with a larger proportion of protein than one producing a poor 
grade of milk. At the end of the lactation period, when the solids 
of milk are relatively high, still more food is required than at 
other times. Furthermore, young cows require more food than 
older ones, because the requirement for growth exists. 

Woll and Humphrey have established the rule that each cow. 
should receive as many pounds of grain per day as she produces 
pounds of butter-fat per week, or one-fourth to one-third as much 
grain as she gives pounds of milk daily. In addition, she should 
have as much roughage as she will eat up clean, preferably suc¬ 
culent food, as grass, silage crops, and roots. 

The flavor of milk is influenced to a marked degree by the food. 
Grazing on pastures in spring and summer produces a desirable 
flavor and color of butter unless strongly flavored vegetation is 
present. Objectionable flavors are produced by a number of 
vegetables, such as cabbage, turnips, wild onions, spoiled silage, 
rape, etc. 

The effect of water in the ration on the composition of milk 
has recently been studied by Turner, Shaw, Norton, and Wright. 
The authors sum up the results of their work in the statement “that 
the watery character of the ration has no effect upon the fat 
content of the milk,” and they state further that there was no 
variation observable in the milk constituents, and that rations of 
varying water content have no effect upon the composition of the 
milk. 

6. Influence of Weather and Temperature on Milk .—It has 
been mentioned that there are seasonal variations in the com¬ 
position and quantity of milk produced. Van Slyke and Pub- 
low have stated that the greatest production of milk and fat 
commences about the middle of May and continues for several 
months. Eekles and Shaw, on the otherdiand, seem to think that 
milk produced in the fall and early winter has a higher percentage 
of fat than milk produced in early spring and summer. • Van Slyke 
and Publow cite in support of their opinion not only their own anal¬ 
yses in New York State, but claim that rei^ts of the Vermont 
and Wisconsin Experiment Stations are in harmony with their 
own. Possibly climatic conditions have some bearing on this 
point. 

White and Judkins Irelieve that fat and plasma solids are lower 
in summer than in winter and that the plashia solids decline at a 
greater rate than the fat. “The general direction of both the fat 
and solids-notrfat teste for the winter calving cows is up, down, 
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and up; for the summer calving cows it is down and up; and for fall 
calving cows gradually up and down.” They state further that 
“season and stage of lactation operate together in fall and winter 
and in opposite direction in the summer.” 

Lythgoe states that in Massachusetts the legal limit of 13 per 
cent, solids was reduced to 12 per cent, for May and June in 1886 
on account of the lower solids in warm weather. In 181)6 the fat 
standard of 3.7 per cent, was reduced to 3 iier cent, for April, May, 
June, July, and August, and in 1899 September was added to these 
months. In 1908 a uniform standard of 12.15 per cent, solids and 
3.35 per cent, fat was established for the entire year. 

According to Trunz the ash content is smaller in spring and 
summer than in winter. 

The fat increases slightly when the temperature is falling and 
declines when it is rising. The stable sliould be comfortable. 
If it is either too warm or too cold the fat decreases. Shelter from 
cold and inclen'ient weather preserves the normal composition of 
milk, while exiwsure injures it. Warm drinking-water increases 
the flow of milk, probably becau.se cows drink more of the warm 
water than of the cold. 

Good or bad weather and storms seem to have no noticeable 
effect on the milk-supply. 

7. Exercise and Nervous Influences .—Moderate exercise re¬ 
duces the milk flow, but the milk is then richer in fat. A great 
deal of exercise, such as climbing hills, unfavorably influences 
the amount and kind of milk produced. 

Any adverse nervous influence impairs the milk-supply. Ill- 
treatment, sudden fright, shock, or rage materially reduce the 
quantity and quality of the milk. 

8. Influence Due to the Skill of the Milker .—It is a usually 
accepted fact that a skilful milker can obtain a richer milk 
from a cow than an inexperienced milker. This is explained 
by the fact that a good milker empties the udder and adds 
the rich milk from the apper parts of the udder to the bulk. 
Furthermore, it is frequently claimed that a cow must become ac¬ 
customed to the siune milker in order to readily yield her whole 
supply. Carlyle doubts the accuracy of this statement. After 
a series of experimeh(^ he came to the conclusion that in so far as 
the amount of milk and total production of butter-fat is concerned 
the changing of milkers at every milking resulted in a direct gain 
wdth but two exceptions. The increase, however, was so slight 
that very little importance can be attached to it. The author 
concluded from his exfieriments that changing milkers has no ap¬ 
preciable effect upon the milk and butter produced when all the 
cows in a herd are kindly treated. 
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according to the demands of the individual cow and thus insure 
maximum production, 

A cow producing rich milk requires a larger supply of good food 
with a larger proportion of protein than one producing a poor 
grade of milk. At the end of the lactation period, when the solids 
of milk are relatively high, still more food is required than at 
other times. Furthermore, young cows require more food than 
older ones, because the requirement for growth exists. 

Woll and Humphrey have established the rule that each cow. 
should receive as many pounds of grain per day as she produces 
pounds of butter-fat per week, or one-fourth to one-third as much 
grain as she gives pounds of milk daily. In addition, she should 
have as much roughage as she will eat uj) clean, preferably suc¬ 
culent food, as grass, silage crops, and roots. 

The flavor of milk is influenced to a marked degree by the food. 
Grazing on pastures in spring and summer produces a desirable 
flavor and color of^butter unless strongly flavored vegetation is 
present. Objectionable flavors are produced by a number of 
vegetables, such as cabbage, turnips, wild onions, spoiled silage, 
rape, etc. 

The effect of water in the ration on the coiiqKisition of milk 
has recently been studied by Turner, Shaw, Norton, and Wright. 
The authors sum up the results of their wrirk in the statement “that 
the watery character of the ration ha.s no effect upon the fat 
content of the milk,” and they state further that there was no 
variation observable in the milk constituents, and that rations of 
varying water content have no effect upon the composition of the 
milk. 

6. Influence of Weather and Temperature on Milk .—It hits 
been mentioned that there are seasonal variations in the com¬ 
position and quantity of milk produced. Van Slyke and Pub- 
low have stated that the greatest production of milk and fat 
commences about the middle of May and continues for several 
months. Eckles and Shaw, on the otherdiand, seem to think that 
milk produced in the fall and early winter has a higher percentage 
of fat than milk produced in early spring and summer. • Van Slyke 
and Publow cite in support of their opinion not only their own anal¬ 
yses in New York State, but claim that reiY^rts of the Vermont 
and Wisconsin Experiment Stations are in harmony with their 
own. Possibly climatic conditions have some bearing on this 
point. 

White and Judkins believe that fat and plasma solids are lower 
in summer than in winter and that the plasVua solids decline at a 
greater rate than the fat. “The general direction of both the fat 
and solids-not-fat teste for the winter calving cows is up, down, 
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and up; for the summer calving cows it is down and up; and for fall 
calving cows gradually up and down.” They state further that 
“season and stage of lactation operate together in fall and winter 
and in opposite direction in the summer.” 

Lythgoe states that in Massachusetts the legal limit of 13 per 
cent, solids was reduced to 12 per cent, for May and June in 1886 
on account of the lower solids in warm weather. In 1896 the fat 
standard of 3.7 per cent, was reduced to 3 per cent, for April, May, 
June, July, and August, and in 1899 Se{)teml)er was added to these 
months. In 1908 a uniform standard of 12.15 per cent, solids and 
3.35 per cent, fat was established for the entire year. 

According to Trunz the ash content is smaller in spring and 
summer than in winter. 

The fat increases slightly when the temperature is falling and 
declines when it is rising. The stable should be comfortable. 
If it is either too warm or too cold the fat decreases. Shelter from 
cold and inclement weather preserves the normal composition of 
milk, while exposure injures it. Warm drinking-water increases 
the flow of milk, probably because cows drink more of the warm 
water than of the cold. 

Ciood or bad weather and storms seem to have no noticeable 
effect on the milk-supply. 

7. Exercise and Nervous Influences.—Moderate exercise re¬ 
duces the milk flow, but the milk is then richer in fat. A great 
deal of exercise, such as climbing hills, unfavorably influences 
the amount and kind of milk produced. 

Any adverse nervou.s influence ini]mirs the milk-supply. Ill- 
treatment, sudden fright, shock, or rage materially reduce the 
quantity and quality of the milk. 

8. Influence Due U) the Skill of the Milker .—It is a usually 
accepted fact that a skilful milker can obtain a richer milk 
from a cow than an inexperienced milker. This is explained 
by the fact that a good milker empties the udder and adds 
the rich milk from the spper parts of the udder to the bulk. 
Furthermore, it is frequently claimed that a cow must Irecome ac¬ 
customed to the same milker in order to readily yield her whole 
supply, ('arlyle doubts the accuracy of this statement. After 
a series of experiment he came to the conclusion that in so far as 
the amount of milk and total production of butter-fat is concerned 
the changing of milkers at every milking resulted in a direct gain 
with but two exceptions. The increase, however, was so slight 
that very little importance can be attached to it. The author 
concluded from his experiments that changing milkers has no ap¬ 
preciable effect upon the milk and butter produced when all the 
cows in a herd are kindly treated. 
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9 and 10. Differences in composition of milk due to the health 
of the animal and to dilution of milk are discussed in other 
connections. 

Changes in Composition of Milk 

After milk has left the udder rapid physical changes occur and 
decomposition sets in due to the action of micro-organisms. While 
in the udder, the decomposition of milk proceeds slowly, as there 
are forces at work which restrain growth of bacteria. Further¬ 
more, gases do not escape, and the rising of the fat is slow, since 
the milk is more or less in constant motion. As soon as the milk 
has left the udder conditions are materially changed. Micro¬ 
organisms multiply rapiilly, causing profound changes in com¬ 
position; the gas escapes in large quantity and the fat risfes. Be- 
siiles these conditions milk may be exposed to freezing tempera- 
tur<!, heating, centrifugation, etc. For convenience these causes 
may bi? grouixiil <as follows: 

1. Spontaneous changes. 

2. Freezing. 

3. Heating. 

4. Centrifugation. 

5. Dialysis. 

6. Electricity. 

7. Micro-organisms and enzyins. 

Spontaneous Changes.—IVhen milk stands in contact with the 
air an exchange of gases takes place, as has been stated before. 
By absorption of oxygen and nitrogen and release of carbon dioxid 
an eiiuilibrium with the air is established. The loss of gases in- 
crea.ses the .siiecific gravity, while the loss of carbon dioxid reduces 
the acidity. This loss amounts to about, 0.5 N.NaOH pei- liter. 
Further, some soluble phosphates are rendered insoluble by the 
loss of carbon dioxid and are precipitated, but remain suspended. 
Milking machines deiiending upon suction remove the gases rapidly 
and more completely than mere intercoufse with the, air. 

The rising of the fat globules is also a spontaneous change, but 
since this has been fully discussed previously it is only necessary 
to mention this iihenomcnon hero for the sake of completeness. 

Freezing of Milk.—Milk may freeze ac#idental]y or may be 
frozen artificially to preserve it for transportation. Milk as it 
freezes undergoes profound physical changes which are more pro¬ 
nounced the longer it remains frozen. Under no conditions is 
thawed milk exactly the same in every respect as unfrozen milk. 

The freezing-point of milk is slightly bSow that of water, as 
has been stated Ixifore. This is due to the presence of solids in 
solution. Milk freezes atiout 0.55° C. below the freezing-point of 
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water, but it does not freeze completely, according to Hastings, 
since the water freezes first and the solids form a more liighly con¬ 
centrated solution with depression of the freezing-point. The 
water freezes at first at the outside on the wall of the vessel; the 
solids are forced toward the center; a more concentrated solution 
is formed, and this freezes at lower teiniierature. The fat rises 
and is partially churned when the milk fr(*eze.s. The natural 
emulsion of fat is never completely restored after thawing and the 
casein appears in flakes rather than in the original colloidal condi¬ 
tion. The fat content of the ujjper layers may be three times as 
high as the original amount and niuih higher in the central por¬ 
tion of the milk than at the periphery. The emulsion of fat is 
destroyed more rapidly than the colloidal condition of the casein. 
Milk which has been frozen and then thawed is said to decompose 
more rapidly than normal milk. 

Analyses of frozen milk are given l>y Mai, and the following 
table gives some of his figures. The degree of acidity is expressed 
in degrees or that amount (if one-fourth normal alkali required 
to neutralize IIK) c.c. of milk. For convenience the writer has 
calculated the acidity in lactic acid. 

INFLl'ENCE OF FUEEZI.NU ON THE COMl'OSITION OF MILK 








Aridity 


Spwifie 

Refrac¬ 


SoImIr, 

IJpgrecii. 

in lactic 


uruvity 

tion. 

Fat 

not fut. 

avidity. 

arid. 

Bamplf* 1: 







Ontaiuil tnilk 

j a'n? 

3X 5 

3 4 

S S7 

6 5 

0 146 

Upper loow* ice 

1 02;j;{ 

37 5 

11 1 

H 57 



ice whII 

i oiri 

2-S 0 

3 2 

4 112 



Liquiii part 

i (t'iiM 

62 2 

2 0 

13 8o 



Heunited 

1 (1321 

3H 5 

3 3 

8 05 

7 3 

0.154 

Sample 2- 







OriRinu) milk 

I ana 

3K 7 

3 6 

H 78 

7 1 

0 15 

('ryutalu from nieve 


35 3 

3 0 




Liipiid [inrt 

1 (i;i52 

41 3 

2 0 

0 05 

S 0 

6 18 

Solid lee 

1 0172 

30 4 

5 H 

5 75 

3 H 

0 085 

tirunited .. 

1 U'I20 

3H 7 

3 5 

8 ilG 

7 4 

0 157 

Sample 3- 







OriKinal mill: 

1 MIS 

3X fi 

3 7 

8 04 

6 2 

0 130 

Upper loom* ice 

1 0250 

40 2 

II d 

0 30 

8 2 

0 185 

Litpiid s»irt 

1 

53 .5 

3 3 

14 17 

11 fl 

0 248 

Hard ice 

1 0201 

;wi 1 

2 9 

5 75 

3 8 

0 085 

Reunited 

1 0320 

3X 7 

3 6 

8 07 

7 2 

0 152 

The table 

shows tlflit 

the 

upi)or 

layers have lower 

specific 


gravity than the original milk, but considerably more fat, while 
the solids have not changed materially. Tlic central liquid 
portion has a much higher six'cific gravity than the original 
milk, much higher jolids, and somewhat less fat. The thawed 
reunited milk differs from the original milk chiefly in having 
higher acidity. Since the mineral constituents of the milk go 
to the central part which remains liquid longer than the other 
parts of the milk, the acidity of this part is somewhat higher than 
that of the original inilk. 

The changes indicated by chemical analysis do not show the 
above-mentioned physical changes in the fat. Milk which has 
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been frozen is not as readily digested as unfrozen milk, since the 
emulsion of the fat has been interfered-with. 

The following analyses given by Richmond show similar con¬ 
ditions in frozen milk: 

SHOWING THE COMPOSITION OF THE SOLID AND UQUID P0ETI0N8 OP FROZEN MILK 



Liquid portion. 

Melted ioe 


Pcrcentagf! of ice funuod 1.2 po' cent.: 




HpeciBc gnvity 

Water .... 

1 0320 

06 72 per cent. 

1 0245 

01 63 per 

cent. 

Fat .. 

4 11 •• “ 

2.40 " 


Protem 

3 50 “ 

2 40 


Suur ... 

Aah . 

4 87 " '■ 

0 74 

3 05 '• 

0 52 “ 


Percentage of ice formed 2 per cent; 




Specific gravity 

1 om 

1 0190 


Water 

87 10 per cent. 

91.83 per 

cent. 

Fat , 

3 87 •• “ 

2 56 “ 


Protein 

3 21 “ “ 

2 28 “ 


Sugar ... 

Aah 

6 08 ■■ •• 

2.89 “ 

“ 

0 74 •• “ 

0 44 “ 

“ 

PeroentaRf of ice ftirmcd 2 25 per cent.: 




Specific gravity 

Water 

1 0330 

1 0180 


hi 21 per cent 

02 46pcr 

cent. 

Fat 

3 57 “ “ 

2 48 


Protein . a 

3 .50 " “ 

1 96 " 


Sugar... 

. . 

4 m " “ 

0 74 " 

2 72 

0 40 •• 


Percentage of ice formed 10 per cent.: 




Specific gravity 

1 mih 

1 0090 


Water 

85 62 |ier cent. 

96 23 per 

cent. 

Fat 

4 7;i “ “ 

1 23 •• 


Protein 

3 00 “ 

0 91 


Sugar . 

4 05 “ 

1 42 •• 

“ 

Aah . 

0 80 •' “ 

0 21 “ 



There is no appreciable difference between the ratio of the 
sugar to the protein and the ash in the two series of analyses, 
showing that no separation of any constituent except water takes 
place during freezing. The greater the percentage of ice sepa¬ 
rated, the more diluted is the melted ice. 

When milk was frozen at —10° C. for three hours ice formed at 
the bottom and on the sides of the vessel, and a funnel-shaped 
cavity in the center was Slled with liquid. The ice formed two 
layers, one of cream and the other of skimmed milk. These 
were poured off as completely as possible and analyzed: 

COMPOSITION OF FROZEN MILK (VIETH, RICHMOND) 



lee. 

Liquid 

ponion. 

Cream. 

Skimmed milk. 

iL 

Specific gravity . 

1 0100 

1 0275 

1 0525 

Ptxipor^oQ. 

8.8 percent 

04 7 per cent. 

26.5 percent 

Water . 

74 44 *• •• 

92.10 •• 

80.54 “ “ 

F»t. 

19 23 •• 

0.68 “ *• 

6.17 •• 

Protein. 

2 64 " •' 

2.80 " “ 

5.38 " '• 

MilkHNgv. 

8 33 “ •• 

8.95 *• *• 

7.77 " " 

Aah. 

0.52 " •* 

O.W “ 

1.18 •* *• 


Milk cannot be frozen in blocks. 
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The Influence of Heat on Milk. —Profound physical and chem¬ 
ical changes in milk are produced by heating it, and these changes 
become more intense the greater the heat applied and the longer 
milk is heated. This subject has been studied quite extensively, 
especially during recent years, because boiled and pasteurized 
milk have become popular. 

All milk constituents are affected by heat—casein is altered, 
albumin is coagulated, fat globules coalesce, and some salts are 
precipitated. Furthermore, gases escape; the milk acquires a 
peculiar taste, usually c.alled a “cooked taste,” and the color 
deepens. In contact with the air a film fonus which does not re- 
dissolve when the milk is cooled. 

The film which forms on boiling milk is not soluble in lime- 
water and consists largely of ciisein which has been transformed 
into the insoluble caseid. It also contains part of the other milk 
solids, including some fat. At lower temperature, between 40° 
and 60° C., a membrane is formed also, but this is soluble in lime- 
water and can be coagulated from such a soltition with rennet. 
The membrane does not. form if the milk is diluted with at least 
twice its volume of water; if the surface is covered with a layer 
of oil; or if the air is (ixcluded by other meiins. 

Milk rich in albumin coagulates at the boiling-point. Colos¬ 
trum contains an alinonnally large percentage of albumin and 
coagulates when boiled, the coagulum enclosing some of the 
casein. When albumin is added to milk it also coagulates when 
boiled—8, c.c. of egg-albumen or one-tenth this quantity of desic¬ 
cated egg-albumen will produce a jelly in boiling milk. 

W'hen milk is heated to 80° C. for fifteen minutes the casein 
is changed so that the time for rennet coagulation is prolonged. 
At 100° C. the amount of protein which is precipitated by acetic 
acid is reduced and the reduction is still greater at higher tempera¬ 
ture. Raudnitz gives the following figures: 


THE AMOUNT OF PROTEIN PRECIflTATEI) BY ACETIC ACID AT DIFFERENT TEMPERA¬ 
TURES 


Temperature. 
Before heating . ... 

Fifteen mlnut«i at 100® C. 

Fifteen zmnutee at 140° C. . 
One hour at 140° C.... 


I’er cent, 
prenpitated 
03.50 
93 47 
76 37 
74 30 


Per cent, in 
wlution. 

6 41 
6 63 
23 63 
26 61 


Milk-sugar begins to decompose at 120° C., and the change 
becomes more profound as the temperature rises. The sugar is 
caramelized and acids are formed. 

Boiling removes a*large part of nitrogen and oxygen gas and 
nearly all carbon dioxid. The loss of carlxin dioxid renders boiled 
milk more alkaline than raw milk. 
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The fat is not decomposed by heating to or even above the 
boiling-point. The physical condition, however, is easily dis¬ 
turbed. Commencing at about 70° C., or even lower, the clusters 
of fat globules break up, and then the cream rises slowly and in¬ 
completely. The amount of cream appearing at the surface of 
heated milk apiwars to be smaller than in the same milk raw. 
The higher the temperature, the more rapidly are the fat clusters 
broken up and the slower is the tendency to rise. The length 
of time at which milk is exposed to a certain temperature has a 
similar influence. The longer milk has been exposed, the more 
are the fat dusters broken up. Moreover, while the milk is hot 
agitation incieases the tendency to break up clusters. Boiling 
causes the. fat globules to coalesce. 

In boiling milk soluble calcium phosphates are changed to 
insoluble salts and are precipitated. The loss of carbon dioxid 
by healing aids in the precipitation of salts. These salts dissolve 
again, in part at least, when boiled milk stands and absorbs 
carbon dioxid from the, air. 

The taste of milk is changed by boiling, due chiefly to decom¬ 
position of protein with evolution of hydrogen sulphid. When 
casein in boiled milk is coagulated by acid the flakes are smaller 
than when raw milk is coagulated. It is claimed, therefore, that 
the casein of boiled milk is more easily digested than the casein 
of raw milk. 

A great deal has been written about the changes which occur 
in milk when it is pasteurized, but little ex{)erimental evidence on 
tliis point is available, llecently Kupp has made a careful in- 
vestigatkm of this important problem and has obtained results 
which have aided much in overthrowing existing prejudices agaiast 
the use of pasteurized milk. The author has shown that the 
ehemical changes occurring in milk pasteurized at 02.2° C. (145° F.) 
for thirty minutes are so small as to range within experimental 
error. The albumin does not coagulate at. this temiierature, 
soluble phos|)hates of lime are not precipitated, and the acidity 
is slightly less than in raw milk. Even at 08.3° C. (156° F.) 
the quantity of pho.sphoric acid, lime, and magnesia is the same 
in the scrum of Ixith raw and heated milk. At 65.0° C. (150° F.) 
the albumin liegins to coagulate, but the aijiount is only 5.75 per 
cent., while at 08.3° C. (155° F.) the amount of coagulated albu¬ 
min is 12.75 per cent., and at 71.1° C. (100° F.) the amount rises 
to 30.55 per cent. Coagulation by rennet requires slightly less 
time in milk heated up to 05° C. (149° F.) than in raw milk, but 
at higher temperatures there is a retardatidn. 

Centrifugation of Milk.— Since the introduction of centrifugal 
machines for cream separation and milk clarification it has become 
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important to know in what respect milk is changed by the process. 
It may be expected that there is some separation of all suspended 
substances in milk, and this is actually true. The slime in the 
separator bowl contains 2 to 3 per cent, more ash than the milk 
and a considerable quantity of casein is thrown out. The longer 
centrifugation continues, the greater is the amount of casein 
thrown out, so that, according to Van Slyke, if centrifugation is 
continued for several hours practically all casein can be removed. 
The increase in ash is due largely to the removal of susiicnded 
phosphates and to calcium an< phospljoi’ic acid from (he casein. 
The centrifugal slime further contains insoluble dirt, bacteria, 
and body cells of great variety. ' 

Dilutions of Milk.—When milk is diluted the reaction changes 
so that less N.NaOH is reciuired for neutralization. The follow¬ 
ing figures adapted from SiJdner show the change in reaction 
quite clearly (Somnierfeld’s Handhuch); 

CUANOU IN REACTION OF MII.K BY DILCilON 


Milk m 

111 

N.-NhOII 

cubic cenluDctcr. 

cubic centimeter. 

miuintl. 

100 


I .50 

100 

100 ' 

1 2.5 

lOU 

200 

1 10 

lOU 

.500 

0 02.5 

100 

1000 

0 G2.5 


Dialysis.—By dialy.sis soluble calcium salts are removeil and 
casein is preciiiitated. 

Electricity.—There is a popular belief that during (hunder- 
stonns milk deconiiioscs more rapidly than under ordinary condi¬ 
tions.' Experiments with passing the electric euri'cnt through 
milk have shown that acids are formed and that the casein under¬ 
goes some change. This change consists chiefly in separating the 
calcium from the casein, so that it is precipitated. It is (iue.stion- 
ahle, however, whether these exiieriments have liearing on the 
influence of thunderstorms. It is claimed by some that the 
humidity in the atmosphere and the high temperature are respon¬ 
sible for rapid changes, anti that if milk is kept cold these changes 
will not take place even when thundeistorms prevail. According 
to this view, the influence of thunderstomis consists merely in 
favoring bacterial growth. It is further asserted that conditions 
at the dairy during,thunderstorms are favorable to bacterial 
growth, and that subsequent rapid decomposition of milk may be 
due to this cause. If the utensils arc not sterilized the atmospheric 
conditions during thunderstorms pennit enormous multiplication 
of bacteria in the vessels between milkings, and the milkers may 
be careless due to the wearing effect of heat and humidity. Exact 
observations on these points are still lacking, and the effect of 
thunderstorms on milk must be considered an open question. 
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Micro-organisms and Enzyms.— The changes caused by the 
activity of micro-organisms and enzyms in milk are of such 
magnitude that they will be considered in separate chapters. 
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important to know in what respect milk is changed by the process. 
It may be expected that there is some separation of all suspended 
substances in milk, and this is actually true. The slime in the 
separator bowl contains 2 to 3 per cent, more ash than the milk 
and a considerable quantity of casein is thrown out. The longer 
centrifugation continues, the greater is the amount of casein 
thrown out, so that, according to Van Slyke, if centrifugation is 
continued for several hours practically all casein can be removed. 
The increase in ash is due largely to the removal of susiicnded 
phosphates and to calcium an< phospljoi’ic acid from (he casein. 
The centrifugal slime further contains insoluble dirt, bacteria, 
and body cells of great variety. ' 

Dilutions of Milk.—When milk is diluted the reaction changes 
so that less N.NaOH is reciuired for neutralization. The follow¬ 
ing figures adapted from SiJdner show the change in reaction 
quite clearly (Somnierfeld’s Handhuch); 
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Dialysis.—By dialy.sis soluble calcium salts are removeil and 
casein is preciiiitated. 

Electricity.—There is a popular belief that during (hunder- 
stonns milk deconiiioscs more rapidly than under ordinary condi¬ 
tions.' Experiments with passing the electric euri'cnt through 
milk have shown that acids are formed and that the casein under¬ 
goes some change. This change consists chiefly in separating the 
calcium from the casein, so that it is precipitated. It is (iue.stion- 
ahle, however, whether these exiieriments have liearing on the 
influence of thunderstorms. It is claimed by some that the 
humidity in the atmosphere and the high temperature are respon¬ 
sible for rapid changes, anti that if milk is kept cold these changes 
will not take place even when thundeistorms prevail. According 
to this view, the influence of thunderstomis consists merely in 
favoring bacterial growth. It is further asserted that conditions 
at the dairy during,thunderstorms are favorable to bacterial 
growth, and that subsequent rapid decomposition of milk may be 
due to this cause. If the utensils arc not sterilized the atmospheric 
conditions during thunderstorms pennit enormous multiplication 
of bacteria in the vessels between milkings, and the milkers may 
be careless due to the wearing effect of heat and humidity. Exact 
observations on these points are still lacking, and the effect of 
thunderstorms on milk must be considered an open question. 



THE PHYSICAL AND CHEMICAL EXAMINATION OF 
MILK 

In making routine examinations it is usually sufficient to 
examine milk for the following factors; Sjjecific gravity, fat, total 
solids, and solids-not-fat—also called plasma solids. For more 
detailed analy.ses the quantity of a.sh, total protein, casein, albu¬ 
min, and milk-sugar should be determined. It may also be 
desirable to estimate the acidity, sediment, viscosity, the Bf)eed of 
rennet coagulation, alcohol coagulation, and to determine if the 
milk has been heated. Sometimes it is necessary to distinguish 
between human and cow's milk. Furthermore, ooloring-niatter 
and gelatin are sometimes added to milk, the Jormer to impart a 
yellowish color and the latter to increase the viscosity. Pre¬ 
servatives, too. are still s<jmetimes added to milk, so their presence 
should 1x1 tested for. For special investigations detailed analyses 
of the ash may be made. 

A correct sample of the milk to txi examined must be obtained. 
As the fat rises within a relatively short time when the milk is 
quiescent, thorough mixing is neceasary prior to the removal of 
samples. The longer the milk stands Ix-fore sampling, the more 
difficult liecomes the even distribution of the cream. This is 
especially true when the milk has Ixien keirt at the proper low 
temperature. The fat then solidifies and adheres to the walls of 
the vessel. Under these conditions the milk should be warmed 
to 40° to 4.5° C. to lirjuefy the fat. 

Mixing is best accomplished by [louring the milk refxiatedly 
from one ves.sel to another. When sanqiles from large cans are 
to be taken the milk should lie stirred with a large clean s[x)on or 
dipper. An instrument which is designed to stir the milk and 
take a sample at the same time is very useful. This consists of 
a stiff iron rod with a slightly concave disk attached to the lower 
end (Fig. 281. The milk is mixed by moving the stirrer up and 
down. Under no conditions should the milk be shaken violently, 
as the viscosity of milk [irevents air-bubbles from rising, and there¬ 
fore a sample taken after violent shaking w^mld not represent 
the desired volume. Furthermore, violent agitation of milk has 
a tendency to churn it, with the result that even distribution of 
the fat becomes difficult. If milk is first diluted with water and 
then shaken, the result is not as detrimental as when undiluted 
milk is agitated. Therefore it is possible to obtain well mixed 
milk by the addition of a definite amount of water. 
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important to know in what respect milk is changed by the process. 
It may be expected that there is some separation of all suspended 
substances in milk, and this is actually true. The slime in the 
separator bowl contains 2 to 3 per cent, more ash than the milk 
and a considerable quantity of casein is thrown out. The longer 
centrifugation continues, the greater is the amount of casein 
thrown out, so that, according to Van Slyke, if centrifugation is 
continued for several hours practically all casein can be removed. 
The increase in ash is due largely to the removal of susiicnded 
phosphates and to calcium an< phospljoi’ic acid from (he casein. 
The centrifugal slime further contains insoluble dirt, bacteria, 
and body cells of great variety. ' 

Dilutions of Milk.—When milk is diluted the reaction changes 
so that less N.NaOH is reciuired for neutralization. The follow¬ 
ing figures adapted from SiJdner show the change in reaction 
quite clearly (Somnierfeld’s Handhuch); 
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Dialysis.—By dialy.sis soluble calcium salts are removeil and 
casein is preciiiitated. 

Electricity.—There is a popular belief that during (hunder- 
stonns milk deconiiioscs more rapidly than under ordinary condi¬ 
tions.' Experiments with passing the electric euri'cnt through 
milk have shown that acids are formed and that the casein under¬ 
goes some change. This change consists chiefly in separating the 
calcium from the casein, so that it is precipitated. It is (iue.stion- 
ahle, however, whether these exiieriments have liearing on the 
influence of thunderstorms. It is claimed by some that the 
humidity in the atmosphere and the high temperature are respon¬ 
sible for rapid changes, anti that if milk is kept cold these changes 
will not take place even when thundeistorms prevail. According 
to this view, the influence of thunderstomis consists merely in 
favoring bacterial growth. It is further asserted that conditions 
at the dairy during,thunderstorms are favorable to bacterial 
growth, and that subsequent rapid decomposition of milk may be 
due to this cause. If the utensils arc not sterilized the atmospheric 
conditions during thunderstorms pennit enormous multiplication 
of bacteria in the vessels between milkings, and the milkers may 
be careless due to the wearing effect of heat and humidity. Exact 
observations on these points are still lacking, and the effect of 
thunderstorms on milk must be considered an open question. 
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In making routine examinations it is usually sufficient to 
examine milk for the following factors; Sjjecific gravity, fat, total 
solids, and solids-not-fat—also called plasma solids. For more 
detailed analy.ses the quantity of a.sh, total protein, casein, albu¬ 
min, and milk-sugar should be determined. It may also be 
desirable to estimate the acidity, sediment, viscosity, the Bf)eed of 
rennet coagulation, alcohol coagulation, and to determine if the 
milk has been heated. Sometimes it is necessary to distinguish 
between human and cow's milk. Furthermore, ooloring-niatter 
and gelatin are sometimes added to milk, the Jormer to impart a 
yellowish color and the latter to increase the viscosity. Pre¬ 
servatives, too. are still s<jmetimes added to milk, so their presence 
should 1x1 tested for. For special investigations detailed analyses 
of the ash may be made. 

A correct sample of the milk to txi examined must be obtained. 
As the fat rises within a relatively short time when the milk is 
quiescent, thorough mixing is neceasary prior to the removal of 
samples. The longer the milk stands Ix-fore sampling, the more 
difficult liecomes the even distribution of the cream. This is 
especially true when the milk has Ixien keirt at the proper low 
temperature. The fat then solidifies and adheres to the walls of 
the vessel. Under these conditions the milk should be warmed 
to 40° to 4.5° C. to lirjuefy the fat. 

Mixing is best accomplished by [louring the milk refxiatedly 
from one ves.sel to another. When sanqiles from large cans are 
to be taken the milk should lie stirred with a large clean s[x)on or 
dipper. An instrument which is designed to stir the milk and 
take a sample at the same time is very useful. This consists of 
a stiff iron rod with a slightly concave disk attached to the lower 
end (Fig. 281. The milk is mixed by moving the stirrer up and 
down. Under no conditions should the milk be shaken violently, 
as the viscosity of milk [irevents air-bubbles from rising, and there¬ 
fore a sample taken after violent shaking w^mld not represent 
the desired volume. Furthermore, violent agitation of milk has 
a tendency to churn it, with the result that even distribution of 
the fat becomes difficult. If milk is first diluted with water and 
then shaken, the result is not as detrimental as when undiluted 
milk is agitated. Therefore it is possible to obtain well mixed 
milk by the addition of a definite amount of water. 
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taken. It is not infrequently desirable to take samples in the 
stable in order to find at what stage of handling the milk has been 
tampered with, or to locate the source of a particular abnormal 
milk. Sampling milk in the stable requires greater circumfpec- 
tion than sampling the milk from vendors. The samples should 
be taken from each cow after milking has been completed. The 
mixed milk from each cow may then be examined separately or 
an equal amount from each cow’s milk mixed and the mixed sam¬ 
ple examined. Which one of these procedures is to lie selected 
depends upon the object of the exiunination. Sometimes samples 



Fig. 32.—Tin sampler. Fig. 33.—Milk thieves. Fig 34.—Equity milk 

^ sampler. 

must be taken from each quarter of the udder. Small samples 
in such cases are usually sufficient. 

Sampling cream is a difficult process and particular care is 
necessary to obtain»a representative sample. When cream stands 
for some time the surface layer becomes tough from evaporation. 
Heating to 40° to 45° C. is necessary to overcome this difficulty. 
What has been said in regard to violent shaking of milk samples 
applies in even greater measure to sampling cream, as cream is 
more viscous than milk. Very rich cream should always be 
warmed to 30° to 32° C. before a sample is taken. 

Samples from sour and loppered milk are always unreliable. 
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between human and cow's milk. Furthermore, ooloring-niatter 
and gelatin are sometimes added to milk, the Jormer to impart a 
yellowish color and the latter to increase the viscosity. Pre¬ 
servatives, too. are still s<jmetimes added to milk, so their presence 
should 1x1 tested for. For special investigations detailed analyses 
of the ash may be made. 

A correct sample of the milk to txi examined must be obtained. 
As the fat rises within a relatively short time when the milk is 
quiescent, thorough mixing is neceasary prior to the removal of 
samples. The longer the milk stands Ix-fore sampling, the more 
difficult liecomes the even distribution of the cream. This is 
especially true when the milk has Ixien keirt at the proper low 
temperature. The fat then solidifies and adheres to the walls of 
the vessel. Under these conditions the milk should be warmed 
to 40° to 4.5° C. to lirjuefy the fat. 

Mixing is best accomplished by [louring the milk refxiatedly 
from one ves.sel to another. When sanqiles from large cans are 
to be taken the milk should lie stirred with a large clean s[x)on or 
dipper. An instrument which is designed to stir the milk and 
take a sample at the same time is very useful. This consists of 
a stiff iron rod with a slightly concave disk attached to the lower 
end (Fig. 281. The milk is mixed by moving the stirrer up and 
down. Under no conditions should the milk be shaken violently, 
as the viscosity of milk [irevents air-bubbles from rising, and there¬ 
fore a sample taken after violent shaking w^mld not represent 
the desired volume. Furthermore, violent agitation of milk has 
a tendency to churn it, with the result that even distribution of 
the fat becomes difficult. If milk is first diluted with water and 
then shaken, the result is not as detrimental as when undiluted 
milk is agitated. Therefore it is possible to obtain well mixed 
milk by the addition of a definite amount of water. 
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by addition of mercuric chlorid or potassium bichromate; both of 
these preservatives can be purchased in tablet form. Some pre¬ 
fer the use of formalin. Mercuric chlorid is the most popular 
chemical used for preserving composite samples, but it is poison¬ 
ous, and therefore some coloring-matter should be added so that 
the milk has a strikingly different api)earan(*e from normal milk. 
Commercial tablets of bichlorid of mercury have a red coloring- 
matter incorporated. 

Preservatives should lie used in moderate quantity, since 
large amounts so alter the casein as to render it less soluble in 
sulphuric acid than normal casein. This is of imjx)rtnn('e in mak¬ 
ing the fat test by the Babcock method. 

In order to obtain a fair determination from composite samples 
it is important to mix the eontents of the bottle with the new 
sample which is added from day to day. By doing this the 
cream is prevented from forming a solid surface layer which 
always militates against accurate work. Furthermore, daily mix¬ 
ing is necessary to distribute the preservative tborouglily through 
the fresh sample. Mixing should lx; accomplished by a rotary 
motion, not by violent shaking. 

Before taking the sample for the final test, which should be 
made at intervals of not more than two weeks, the contents of 
the bottle should be mixed by a rotary motion, and if the cream 
adheres to the walls of the vessel or appears to mix with difliieulty 
the milk should be warmed to 40“ to 45“ f. 

The Specific (Ikavitv 

The specific gravity was formerly thought to be clearly indica¬ 
tive of the quality of milk. At present it is considered of little im¬ 
portance in itself, but in connection with other tests it is of great 
aid in detennining the composition of milk. The specific gravity of 
milk, as has been explained l)eforp, is gij>ater than that of water, 
and the fat counteracts'in a measure the efi'ect of dissolved sub¬ 
stances. Milk rich in fat has, therefore, a lower specific gravity 
than poor milk. The specific gravity of cream is lielow, and tliat 
of skimmed milk above, that of whole milk. It is obvious that 
the removal of fat c,puses the specific gravity of milk to rise, and 
that by the addition of water skimmed milk can again be brought 
to the normal siiecific gravity of whole milk. 

It is clear that the siiecific gravity is not an accurate index of 
the quality of milk. It has, however, a definite relation to the 
percentage of fat and plasma solids. When two of these factors 
are known, the third one can be calculated. Therefore, if the 
specific gravity is taken and the fat content detennined, the total 
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Bolids and plasma solids need not be estimated unless very accu¬ 
rate results are desired. 

Fresh milk contains considerable quantities of gas in solution, 
and therefore should be permitted to stand for at least ten hours 
from the time of milking before the specific gravity is taken. Dur¬ 
ing this time excess of COj has escaped and the specific gravity is 
nearly constant. It is higher than immediately after milking and 
continues to rise for about two days, although slightly. This 
phenomenon is known as the Recknagel phenomenon. The rise 
of specific gravity during the first two days may also be due in 
part to a change in the volume of the proteins. The increase is 
within the limits of 0.0008 and 0.0015. 

The specific gravity may lie determined by three methods, 
namely: 1, a lactometer; 2, a pycnometer, and 3, by means of the 
Westphal balance. A lactometer is a hydrometer which has 
been constructed esiieeially for use in milk work. The tempera¬ 
ture of the milk should always be determined with the specific 
gravity, since increiise of tcmixirature reduces the specific gravity. 
The actual reading is reduced to a standiird temperature, usually 
60“ F. or 16.6° C. 

There are three styles of lactometer commonly in use: 1, the 
Quevenne (Fig. 35); 2, the New York Board of Health (Fig. 36), 
and 3, Shaw and Eckles’ lactometer (Fig. 37). 

The Quevenne lactometer is probably used to a greater ex¬ 
tent than either of the other two. The scale is divided into 
25 parts, conunencing with 15 and ending with 40. These figures 
represent the second and third decimals. They are sufficiently 
below and alwve the normal sfxicific gravity of milk to cover all 
cases. A thermometer is combined with the Quevenne lactom¬ 
eter, so that specific gravity and temperature can be read at the 
same time. 

The New York Board of Health lactometer has an arbitrary 
scale, but since the subdivisions of degrees are smaller than on 
the Quevenne lactometer, accurate reading is facilitated. The 
scale is divided into 120 parts, 0 representing the mark to which 
the lactometer sinks when immersed in water. The 100 mark 
is equal to 29 on the Quevenne lactometer, which means a specific 
gravity of 1.029. The upper limit is 120 or 3(1.8 on the Quevenne 
lactometer. Milk with a specific gravity higher than 1.0348, 
such as skimmed milk may be, cannot be measured with the New 
York Board of Health lactometer. A separate thermometer may 
be used'in connection with this lactometer, although a New York 
Board of Health lactometer provided with a thermometer can be 
purchased. 

A lactometer of somewhat different construction has been 
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devised by Shaw and Eckles. This instrument differs from the 
Quevenne in having a longer bulb and a finer stem. The spaces 
representing units are lengthened and the reading is therefore 
more accurate than on the Quevenne lactometer. 



Fig. 35.—Quevenne’s Fig. 36.—Spence’s Fig. 37.—Lactometer 

lactothermometer. New York State lacto- designed for use in experi- 
thcmionieter, mental work (Bull. 134, B. 

(A. H. Barber Creamery Supply Co.) A. 1,). 

The following table gives the relation of the Quevenne, 
the New York Board of Health lactometers, and the specific 
gravity: 
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RELATIOH OF QUEVENNE AND NEW YORK BOARD OF HEALTH LACT0METER8 TO 
SPECIFIC GRAVITY 


New 

Quevenne. 

Rpwific 

gravity. 

New Yorit. 

Quevenne. 

Specific 

gravity. 

60 

17 4 

1.0174 

91 

26.4 

1.0264 

61 

17 7 

1 0177 

92 

29 7 

1,0267 

62 

18 0 

1 0180 

93 

27.0 

1.C270 

63 

18 3 

1 0183 

94 

27.3 

1.0273 

84 

18 6 

1.0186 

95 

27.6 

1.0276 

65 

18 8 

1 0188 

96 

27.8 

1 0276 

66 

19 1 

1 0191 

97 

28.1 

1.0281 

67 

19 4 

1 0194 

98 

28 4 

1.0284 

68 

19 7 

1 0197 

99 

28.7 

1.0287 

69 

20 0 

1 0200 

100 

29 0 

1.0290 

70 

20 3 

1.020;i 

101 

29 3 

1 0293 

71 

20 6 

I 0206 

102 

29.6 

1 0296 

72 

20 9 

1 0209 

lUS 

29 9 

1 0299 

73 

21 2 

1 0212 

104 

30 2 

1.0302 

74 

21 5 

1 0215 

105 

30 5 

1 0305 

75 

21 7 

1 0217 

106 

30 7 

1 0307 

76 

22 0 

1 0220 

107 

31.0 

1.0310 

77 

22 3 

1 022:i 

108 

31 3 

1.0313 

78 

22 6 

1 0226 

109 

31 6 

1.0316 

79 

22 9 

1 0229 

110 

31 9 

1 0319 

80 

23 2 

1 0232 

111 

32 2 

1 0322 

8} 

2;5 5 

1 0235 

112 

32 5 

1 0325 

82 

23 8 

1 0238 

113 

32.8 

1 0328 

83 

24 1 

1 0241 

114 

33 1 

1 0331 

84 

24 4 

1 0244 

115 

S3 4 

1 0334 

85 

24 6» 

1 0246 

116 

33 6 

1 (KCH 

86 

24 9 

1 0249 

117 

9 

1 03:39 

87 

25 2 

1 0252 

118 

34 2 

1 0342 

88 

25 5 

1 0255 

119 

34 5 

I (1345 

89 

25 8 

I 02.)8 

120 

34 8 

1 0348 

90 

28 1 

1 0261 





The correction necessary to bring the lactometer reading to 
the standard tcmperaluic of 00° F. is given in the foUow'ing table: 

CORREfTION TABLE FOR SPFX'IFIC OHAVITY OF MILK (QUEVENNE LAeTOMETER) 



Tfniperalure (m degrew Fahrenlieit). 


5S I 5!» , OC i ei ! 62 

1 ! I 


3|27 4 


25 24 2 24 3 24 4 

26 25 2 25 2 2.5 3 

27 2« 2 2« 2;26 3 
2X 27 I 27 2127 3 
2tf 2M 1 2H 2 28 3 2^ 4, 

80 2V I 26 I 29 2129 .3 

81 SO 0130 130.2 30 3 

32 SI.031 1 31 2 31 3 

33 31 9 32 0132.1 32 3 

34 12 9 33 0 33 1 33 
3r> 33 8 33 9.34 0 34 2| 


19 5 19 6-19 7 19 8!I9 9 16 9 20 0 20 

20 5 20 6 20 7 20 8|2(l 9 20 9 21 0 21 

21 5 21 fl 21 7 21 Hl2l 9 21 9 22 0 22 

22 5 22 6 22 7 22 8i23 8 22 9 23 0 23 

23 5 23 6,2.3 6 23 7123 8 23 9 24 0 24 

24 .5;24 8 24 6 24 7|24 8 24 9 25 0 25 

2.5 4 25 .5 2.5 8 2.5 7 2.5 8 2.5 0 26 0 26 

28 4:26 f, 28 6 28 7 26 K 26 9 27 0 27 


I 


I 


27 5 27 6 27 7 27 8 27 9 28 0 28 

28 5 28 6 28 7 28 8 28 9 20 0 29 

29 4129 8:29 7'29 8 29 9 .W 0 20 

30 4,30 6|30 6 30 8 30 6 31 0 31 

31 4,31 .5131 8 31 7 31 9 32 0 32 

32 4 32 5132 8 32 7 32 9 33 0 33 

'33 3 .IS 5133 6..S3 7 33 9 34 0 34 

•Ai 3 34 5l34 6 34 7,34 9 35 0 35 

. I I I ; : 


120 2:20 2;20 3 20 42| 

121 2,21.3121 4 21 ■■ 

1 22 222.322 4 22 5 
123 2i23 3,23 4 23 5 
1.24 2124 3124.4124 5 

12.5 2:25 3!25 4 25 5 
128 226.328 5 28 6 
li27 4'27.5'27 8 
28.4 28.5 28 
29 429.6 29 81; 
1'30 3 30 4 30 5.30 
2131 3131 4>:n 5'3t. 
2i:i2.3;32 532 6 32. 

233 333.533.633 

234 3|34 534.834 

235 335 53ft.8!35 


l'28 3| 
129 31 


I 


68 I 69 70 - ^ 


!0 5 20 6 20 7 2C 9;2i 0 20 
1 6 21 7|2I 8 22 0|22.I21 
22 8 23 0 2; 


22 6 22 7 

23 6 23 7 

24 6 24 7 

25 8 26 7 

26 7 26 8 

27 7 27,8 
828 7 28 8 


24 9 25.0 
25.9 26 0 
27.027.1 
28 0’28 1 
29 0 29 1 


29 7 29 9130 1 30.2j 
730 830 ft31.1;31.2 

731.8 31 932 1 32 i 

732.9 33 0 
833.9:44 0|34 2:34 8{ 

834.9 35.0135 2:35 3 


29.2'28 

30.3129 

31 3:30 

32 4'3I 
33.432 
34.5|33 
35 5 34 
36.5135 


Approximate correction can also be made by adding 0.1 to 
the lactometer reading for each degree above C0° F. and deduct¬ 
ing 0.1 for each degree below 60° F, This method of correction 
is not quite as accurate, of course, as the corrections given in the 
table. 
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The milk should be poured back and forth several times from 
one vessel to another before inserting a lactometer. A cylinder 
of sufficient width and height should be used. The lactometer is 
lowered into the central portion of the milk, care being taken that 
it does not come in contact with the wall of the cylinder. It should 
remain quiet for about one minute liefore reading is attempted. 
As fat rises rapidly, a longer time would vitiate the reading, while 
one minute is long enough to bring the instrument to perfect rest, 
and the thermometer then gives accurate temiwrature readings. 
There should be no foam on the surface of the milk and no bubbles 



Fig. 38.—^Various types of pyenumeter (Arthur U. Thomas Co.). 


should adhere to the lactometer. The line which is on a level 
with the surface of the milk is taken as giving the correct reading, 
not the higher part of the meniscus. Shaw and haikles prefer to 
read the upper lin^ of the meniscus and add 0.2 to the figure. 
After reading both specific gravity and temfierature, the final 
correction should be made. 

The pycnometer, several styles of which are shown in Fig. 38, 
is fundamentally a bottle witli a glass stopper ground into the 
neck and a glass-stoppered aide tube to discharge the overflow 
of expanding fluids. The Ixittle is first filled with water and the 
exact weight of the water noted; the bottle is then emptied and 
10 
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dried. It is then filled with milk and weif-hed again. From the 
difference in weight between the milk and water the specific grav¬ 
ity is calculated. The glass stopper may have a thermometer 
attached which reaches into the fluid to be tested and records 
the temperature. When milk is tested the temperature of both 
milk and water should be 60° F. 

Very accurate results are obtained by the use of a Westphal 
balance (Fig. 39). This instrument consists of a beam to the 
end of which a plummet is hung and a glass cylinder to hold the 
fluid to be tested. The beam is supported by a cylindric stand 
and fastened to a cyhnder fitting closely inside the support. This 

inner cylinder carrying the 



beam is movable, so that the 
height of the beam can be ad¬ 
justed. The absolute weight of 
the plummet (Iteimann’s plum¬ 
met with thennometer) is 15 
grams including the platinum 
wire, and it displaces 6 grams 
distilled water at 15° C. The 
l)eam is divided into ten parts, 
each one of which is indicated 
by a notch. There are four 
weights (riders) which are hung 
on the team. The largest rider 
represents 5 grams, the next 
size 0.5, and the others 0.05 
and 0.005 gram, respectively. 
To use the balance the pro¬ 
cedure is as follows: The plum¬ 
met is hung to the end of 
the beam and is immersed in 


distilled water contained in the 


cylinder. The large.st ri<ler is hung above the plummet. The 
balance is perfect when the plummet and twisted wire are 
covered with water and the metallic point at the further end of 
the beam is in opposition. The exact place where the surface 
of the water roaches the wire is to be noted. • After this pre¬ 
liminary observation the water is discarded and the milk placed 
in the cylinder. The second largest rider is then placed on the 
beam and moved until perfect balance is established. This rider 
is then moved back into the nearest notch. The other riders 


are then placed one after the other on the beam and moved to 
the notch nearest the place where perfect balance is established. 
Finally the smallest rider will establish the correct weight. 
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The following example will illustrate the method of reading: 

The 5.0 rider is on notch 10. Therefore this is 1 by 6 - 5 000 
The 0.5 rider 18 on notch 0.3. Therefore this is 0.5 by 0.3 = 0.150 
3?® •5''Therefore this is 0.05 by0.1 = 0005 

The 0.005 rider is on notch 0.4. Therefore this is 0.005 by 0.4 - 0.002 

Total, 5.157 


As the plummet displaces 5 grams water and 5.157 grams milk, 
the specific gravity of the milk i.s 5.1,57 divided hy 5, which equals 
1.0314. The specific gravity can also Ite read directly from the 
beam. 

The Determination of Fat 

The percentage of fat may he determined by three different 
methods, namely: 1, ether extraction; 2, centrifugation, and 3, 
refraction. The ether extraction and centrifugation methods are 
commonly employed, while the refraction method is used only 
exceptionally. By ether extraction more aqgurate results are 
obtained than by centrifugation, but this latter method, if car¬ 
ried out with care, gives sufficiently accurate results for practical 
purposes and takes much less time. 

By ether extraction the fat is determined according to official 
and provisional methods of analysis as follows: 

“Make rolls of thick filter pajH'i-, cut into strips of t).25 by 62.6 
cm., and thoroughly extract with ether, and alcohol, or correct 
the weight of the final fat extract by a constant obtained for the 
paper. From a weighing bottle or weighing pipet transfer about 
5 grams of milk to the coil, dry (‘iid down on a piece of glass, at 
the temperature of Iwiling water for one hour, or, better, in 
hydrogen at the temireraturc of boiling water; transfer to an ex¬ 
traction apparatus and extract with absolute ether or petroleum 
ether boiling at about 45° ('.; dry the extracted fat and weigh.” 

Leach gives the following method (Adams Method): 

A fat-free strip of filter paper which can be purchased 
(Schleicher and Schiill) about 2.1 inches wide .and 22 inches long 
is rolled into a coil and held in place by a wire. About 5 c.c. of 
milk are placed in a beaker and the beaker and the milk weighed. 
The coil of filter paper is then brought in contact with the milk 
until as much of the^ilk as possible has laien absorliecl by the 
paper. The beaker is weighed again and the exact amount of 
milk absorbed by the paper coil calculated. 

The milk on the coil is then dried, first in the air and then in 
an oven at a temperature not to exceed 1(X)° C. The coil is trans¬ 
ferred to a Soxhlet ether extraction apparatus (Fig. 40) and 
extraction continued until the ether has siphoned over at least 
twenty times, which occupies about two hours. The ether is 
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then evaporated from the flask, the exact weight of which is 
known, and the difference determined by weighing. From the 
weight of the fat in the flask the percentage is calculated. Traces 
of fat may remain in the paper coil even when extraction is con¬ 
tinued for six to eight hours. In place of filter paper fat-free 
thimbles made of filter paper can be procured and used for fat 
extraction. 

Another method of determining the fat content of milk by 
ether extraction is the one of Wemer-Schmidt (Leach) sis follows: 
Ten c.c. of milk are measured, or, better, 10 grams weighed, 
placed in a test-tube of 50 c.c. capacity and 10 c.c. of hydrochloric 



Fig, 40 —Soxhirt ether extractor. 

acid added. After shaking, the mixture is boiled over a flame for 
a few minutes or placed in boiling water for about ten minutes. 
The tube is then cooled and 30 c.c. washed ether added. A stop¬ 
per with two glass tubes is used to close ^he tube. One of the 
glass tubes reaches just below the stopper, the other one reaches 
farther down and is bent up at the end. After thorough shaking 
of the acid-milk mixture the ether is allowed to form a layer on 
the surface. The bent glass tube is moved down into the ether 
until the opening of the curved end is just above the surface of 
the acid-milk mixture. The ether is then blown into a tared flask 
or beaker. The process is repeated twice, using 10 c.c. of ether 
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each time. The ether is finally evaporated and the remaining fat 
weighed. 

WoUny’s Refractometer Method (after Leach).— The refractom- 




eter is based on the deviation of light through a solution of fat, 
in ether at 17.5° C., the solution to prepared according to defa- 
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nite directions. The instrument used is the Zeiss butyrore- 
fractometer (Fig. 41). The apparatus used in this determination 
are shown in P'ig. 42. Thirty c.o. of milk are measured into the 
stopf)ered flask by means of a 7.5 c.c. pipet. This pipet is so con¬ 
structed that it can lie placed in the sampling tube. To the 
30 c.c. of milk 12 drops acetic acid are added to curdle the milk. 
The flask is then shaken in a mechanical shaker for one or two 



Fig. 42. Apparatus used in Wollny's retractometer method. 


minutes and then 3 c.c. standard alkali solution added. The 
flask is again placed in the mechanical shaker and shaken for 
ten minutes at a temperature of 17.6° C. After this 6 c.c. water- 
saturated ether are added and the flask shaken for fifteen minutes. 
Finally the flask is placed in a centrifuge ^nd whirled for three 
minutes. Now a few drops of ether-fat solution are placed in 
the refractometer and theres ults read. The table on pages 151 
and 152 gives the percentage of fat according to the reading 
(Leach). 
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PERCENTAGES OF FAT CORRESPONDING TO SCALE READINGS ON THE 
WOLLNY REFRACTOMETER. 


Seale 

ing. 

Per 

Ceoi 

Fat. 

Scale 

Red¬ 

ing. 

Per 

Cent 

Fat. 

Scale 

Read* 

iHK 

Per 

Cent 

Fat 

Scale 

Read- 

tog. 

Per 

Cent 

Fat- 

Scale 

Read¬ 

ing. 

Per 

Cent 

Fat. 

Seale 

lead¬ 

ing. 

Par 

Cent 

Fat. 

»o.o 


»4.5 

0.41 

39.0 

0.87 

33-5 

1-34 

38.0 

..85 

43.S 

3.41 

1 


6 

0.42 

I 

0.88 

6 

»-3.<; 

X 

1.87 

6 

>•43 

9 


7 

0.43 

2 

0.89 

7 

1.36 

a 

1.88 

7 

9.44 

3 


8 

0.44 

3 

0.90 

8 

*•37 

3 

1.89 

8 

3.46 

4 


9 

0.4^ 

4 

0.91 

9 

1.38 

4 

1.90 

9 

*•47 

S 


25.0 

0.46 

5 

0.92 

34-0 

*•39 

5 

X.91 

430 

9.49 

6 

0.00 

I 

0.47 

6 

0.93 

I 

1.40 

6 

1.93 

I 

9.SO 

7 

O.OI 

3 

0.48 

7 

0.94 

2 

1.42 

7 

*•93 

8 

a.51 

6 

0.0a 

3 

0.49 

8 

0.95 

3 

*•43 

8 

1.94 

3 

9.59 

9 

0.03 

4 

0.50 

9 

0.96 

4 

1.44 

9 

*•95 

4 

aS4 

91.0 

0.04 

5 

0-51 

30.0 

0.97 

s 

1.45 

39-0 

1.96 

s 

’•55 

I 

0.0s 

6 

0.52 

m 


6 

1.46 

I 

1.98 

6 

1.56 

8 

0.0^ 

7 

0-53 



7 

1.47 

3 

*•99 

7 

..|8 

3 

0.08 

8 

0.54 

K] 


8 

1.48 

3 

2.00 

8 

9.60 

4 

0.09 

9 

®-55 

BI 

1.01 

9 

J.40 

• 4 

3.03 

9 

9.61 

5 

O.IO 

36.0 

®-57 

■ 

1.03 

3S-0 

1.50 

5 

9.03 

44-0 

a.63 

6 

O.Il 

1 

0.^8 

6 

1.03 

I 

*•5* 

6 

a.04 

I 

3.64 

7 

o.ia 

2 

®-59 

7 

1.04 

3 

1.52 

7 

a.05 

3 

1.65 

8 

0.13 

3 

0.60 

8 

J-05 

3 

1-54 

8 

3.07 

3 

i . 6 ] 

9 

0.14 

4 

0.61 

9 

1.06 

4 

*-5S 

9 

3.08 

4 

3.68 

83.0 

0.15 

5 

0.62 

31.0 

1.07 

5 

1.56 

40.0 

3.09 

5 

a.70 

t 

0.16 

6 

0.63 

I 

1.08 

6 

*•57 

X 

3.10 

6 

a.71 

3 

0.17 

7 

0.64 

a 

1.09 

7 

1.58 

a 

3.13 

7 

a.73 

3 

0.18 

8 

0.65 

3 

1.10 

8 

*•59 

3 

9-*3 

8 

a-74 

4 

0.19 

9 

0.66 

4 

1.11 

9 

i.te 

4 

a.14 

9 

*•75 

S 

0.20 

27.0 

0.67 

5 

1.13 

36.0 

1.61 

5 

*•*5 

45-0 

>•77 

6 

0.21 

1 

0.68 

6 

I-I3 

1 

1.62 

6 

a.16 

I 

3.78 

7 

0.33 

3 

0.69 

7 

1.14 

3 

1.64 

7 

3.18 

3 

3.79 

8 

0.33 

3 

0.70 

8 

>«5 

3 

1.65 

8 

3.30 

3 

3.80 

9 

0.24 

4 

0.71 

9 

1.16 

4 

1.66 

9 

3.31 

4 

3.8t 

93.0 

0.35 

5 

0.72 

32.0 

1.17 

5 

1.67 


3.33 

5 

3.84 

X 

0.36 

6 

®*73 

1 

1.18 

6 

1.68 


3.34 

6 

9.85 

8 

0.27 

7 

0.74 

3 

1.19 

7 

1.69 


Hi 

7 


3 

0.38 

8 

®-7S 

3 

1.30 

8 

1.70 


M ' M ’ 



4 

0.29 

9 

0.76 

4 

1 .23 

9 

1.71 


Ml 

9 

3.89 

S 

0.30 

28.0 

0-77 

- 5 

1.33 

37-0 

1.7a 


BI 

40.0 

3.90 

6 

0.31 

1 

0.78 

6 

1.24 

I 

*•73 

6 

a.30 

1 

3.9a 

7 

0.33 

2 

0.79 

7 


2 

*•75 

1 

3.32 


>.»} 

s 


3 

0.80 

8 

1.26 

3 

X.76 

8 

9-33 

3 

9.94 


0*34 


0.81 

9 

1.27 

4 

1.78 

9 

2.34 

4 

9.96 

84.0 

0.36 

5 

0.82 

33-0 

1.38 

5 

1.79 

43.0 

a-35 

5 

a.98 

1 

0.37 

6 

0.83 

X 

1.29 

6 

1.80 

1 

9.37 

6 

3-00 

8 

0.38 

7 

0.84 

2 

1.30 

7 

1.81 

2 

9.38 

1 

3-01 



8 

0.85 

3 

1.3J 

8 

1.82 

3 

9.39 


3.0a 



9 

0.86 

4 


9 

1.84 

4 

2.40 

9 

3-03 

s 

0.41 

39.0 

0.87 

5 

*•34 

38.0 

1.85 

5 

3.41 

47-0 

3-05 
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The following table gives the indices of refraction corresriond- 
ing to the scale readings of the Wollny milk-fat refractometer: 


INDICES OF REFRACTION (nn) CORRESPONDING TO SCALE READINGS OF 
THE WOLLNY MILK-FAT REFRACTOMETER. 


Kefrac* 

tive 




Fourth Decimal of np* 





index. 

nj>. 

0 

« 

2 

3 

4 

5 

6 


8 

9 

J -333 

*•334 

0.7 

0.8 

0.0 

0.9 

Sc 

o.r 

I.O 

ale Read 

0.2 

I.t 

nca. 

0-3 

1.2 

0.4 

*• 3 * 

0-5 

1.4 

O-S 

1.5 

0.6 

■•335 

*•7 

1.8 

1.9 

2.0 

2.1 

2.t 

2.2 

2.3 


*•5 

3-5 

'• 3 .i 6 

2.8 

2.7 

2.8 

2.9 

3-0 

3 * 

3-2 

3-3 

3-4 

*•337 

3.6 

3-7 

3-7 

3-8 

3.9 

4.0 

4 * 

4-2 

<•3 


■•338 

4-5 

4.6 

4-7 

4^8 

4.9 

5.0 

5 -* 

5-2 

5-3 

5.4 

*•339 

S -5 

5-6 

5-7 

5.'8 

5.9 

6.0 

6.1 

6.2 

6.3 

6.4 

*.340 

6-5 

6.6 

6.7 

6.8. 

6.9 

6.9 

7.0 

7 * 


7-3 

1.34* 

7-4 

7-5 

7.6 

7-7 

7.8 

7-9 

8.0 

8.1 

o .» 

8 - 3 

9 - 3 

1-342 

8.4 

8-5 

8.6 

8.7 

8.8 

8.9 

9 vO 

9.1 

9.a 

1-343 

• 9-4 

9.5 

9.6 

9.7 

9.8 

9.9 

10.0 

10.1 

10.2 

*0.3 

* - 344 

10.4 

* 0-5 

10.6 

10.7 

10.8 

10.9 

11.0 

11.1 

11.2 

11.3 

*- 34 S 

11.4 

**•5 

**•5 

II.6 

*1.7 

11.8 

**-9 

12.0 

12.1 

J2.2 


*2.3 

12.4 

12.5 

12.6 

12.7 

12.8 

12.9 

* 3-0 

*3-* 

*3-a 

*•347 

* 3-3 

13-4 

* 3-5 

■ 3-6 

» 3-7 

13.8 

' 3-9 

14.0 

14.X 

* 4.2 

'•.348 

*4.3 

14.4 

*4.5 

14.6 

* 4-7 

14.8 

* 4-9 

* 5-0 

* 5 -* 

* 5.2 

*•349 

* 5-3 

■ 5-4 

■s-s 

15.6 

* 5-7 

■ 5-8 

* 5-9 

16.0 

16.X 

16.3 

*•350 

16,3 

16.4 

16.5 

i6.6 

16.7 

16.8 

16.9 

17.0 

* 7 * 

17.2 

*• 35 * 

* 7-3 

17.4 

* 7-5 

17.6 

*7.7 

17.8 

17.9 

18.0 

18.1 

16.2 

*•352 

18.3 

18.4 

18.5 

18.6 

18.7 

18.8 

18.9 

19.0 

19.1 

XQ .2 

*•353 

* 9-3 

* 9-4 

* 9-5 

IQ.6 

19.7 

J9.8 

19.9 

20.0 

20.1 

20.3 

*•354 

20.3 

20.4 

20.5 

20.6 

20-7 

20.8 

20.9 

21.0 

21.1 

31.2 

*•355 

2*-3 

21.4 

2*.5 

21.6 

21.7 

21 .8 

21.9 

22.0 

22.x 

22.2 

■•356 

22.3 

22.4 

22-5 

22.6 

22.7 

22.8 

22.9 

23-0 

23-* 

23-2 

*•357 

23.3 

23-4 

23-5 

23.6 

23-7 

23.8 

23-9 

24.0 

24.1 

24.2 

■■358 

24.3 

24-4 

24.5 

24.6 

24.7 

24.8 

24-9 

25.0 

25 •* 

25.3 

*•359 

25-3 

25.4 

25-5 

25.6 

25-7 

.5.8 

25 -9 

26.0 

26. X 

26.2 

1.360 

26.3 

26.4 

26.5 

26.6 

26.7 

26.8 

26.9 

27.0 

27.1 

27.3 

1.361 

27-4 

27.5 

27.6 

27-7 

27.8 

27.9 

28.0 

28.1 

2vS.2 

28.3 

1.362 

28.4 

08.s 

28.6 

28.7 

28.8 

28.9 

2Q.0 

29.1 

29.2 

29-3 

■ - .363 

39.4 

29-5 

29.6 

29-7 

20-8 

29.9 

30.0 

30.1 

30.2 

30.3 

I-.364 

30-4 

30 5 

30.6 

30-7 

30.8 

11.0 

3 *-* 

3»-2 

3*-3 

3*-4 

■•365 

3*-5 

31.6 

3*-7 

31.8 

3*-9 

32.0 

32 .* 

32.2 

.32.3 

324 

1.366 

32-5 

32.7 

J2.8 

32-9 

33-0 

33 -* 

33-2 

33-3 

33-4 

33-5 

■• 3*7 

33-6 

33-7 

33-8 

33-9 

34 0 

34.2 

34-3 

34.4 

34.5 

34.6 

1.368 

34 .. 7 

34-8 

34.9 

35-0 

3 S-* 

35-2 

35-3 

35-4 

35-5 

35-6 

1.369 

35-7 

3 S ‘8 

36.0 

36.1 

36-2 

36.3 

38.4 

36.5 

36.6 

36.7 

*•370 

36.8 

38 9 

37-0 

37 -* 

37-2 

37.3 

37*4 

37-6 

37-7 


*• 37 * 

37-9 

38.0 

38.1 

38.2 

38.3 

38.4 

38-5 

38.6 

38-7 

38.8 

*•372 

38.9 

39-0 

3 ?. 2 

39.3 

39.4 

39.5 

39.6 

39-7 

39-8 

39-9 

*•373 

40.0 

40.1 

40.2 

40.3 

40.4 

40.5 

40.7 

40.8 

40.9 

41.0 

*•374 

41.1 

41.2 

4*-3 

41.4 

4*.5 

41.6 

41.8 

4*.9 

42.0 

42.1 

*•375 

42.2 

42.3 

42.4 

42.5 

42.6 

42.7 

42.8 

42.9 

43-0 

43 *» 

I •376 

43-2 

43.3 

43-4 

43 -* 

43.7 

43.8 

43.9 

44.0 

44-1 

44.2 

*•377 

44.3 

44-4 

44.6 

44-7 

44-8 

44.9 

45.0 

45 -* 

45-a 

45-3 

■•378 

45-4 

45 -* 

45-7 

45-8 

45-9 

46.0 

46.1 

46.2 

46.3 

46.4 

••379 

46.6 

46.7 

46.8 

46.9 

47.0 

47 -* 

47-2 

47*3 

47-4 

47-6 
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INDICES OF REFRACTION (xb) CORRESPONDING TO SCALE READINGS OF 
THE WOLLNY MILK-FAT REFRACTOMETER-(C»«/«miI). 


lUfne 

tive 

Index, 

"ii. 

Fourth Decimal of np . 


1 

2 

3 

4 

S 

6 

I ^ 

8 

IZ 

1.380 

1.381 
1.383 
«-383 
>■384 
'■385 

1.386 

'•387 

1.388 

>•389 

1.390 

'•39< 

*•394 

>•393 

1.394 

'•395 

1-396 

•-397 

1-398 

1.399 

1.400 

1.401 
1.403 

1.403 

1.404 
1-405 

1.406 

1.407 

1.408 

1.409 

1.410 

1.411 

1.413 

X.4I3 

1.414 
1-415 

1.416 

1.417 

1.418 

1.419 

1.430 

1.431 
1.433 

47.7 

45.8 
49-9 
51.0 

521 

53-2 

54.3 

55-4 

56.6 

57.8 

58-9 

60.1 

6..J 

63.4 

63.6 

64.8 
66.0 

67.3 

68.4 

69.6 

70.9 

73.1 
73-4 

74.6 
75-9 

77.1 

78.5 

79.8 
81.0 

83.3 

83.6 

84.9 

86.3 

87.5 

$8.9 

90.3 

91.6 

91.9 

94.3 

95-7 

97.1 
98.5 

ICO. 

47-8 

48.9 

50.0 

51.1 
5»-3 

53- 3 

54- 4 

55- 6 

56.7 

57-9 

59.0 

60.3 

61.4 

63.6 

63.8 
65.0 

66.3 

67.4 

68.6 

69.8 

71.0 

73.2 
73-5 

74.8 
76.0 

77.3 

78.6 
79-9 
81.1 

83.4 

83.7 
85-0 

86.3 
*7-7 
89,0 

90.4 

91.7 

93- 1 

94- 4 

95- 8 

97.3 

98.7 

47.9 

49.0 

50- 1 
5»-3 

51- 3 
53-4 

54.6 
55-7 

56.8 
58.0 

59.1 

60.3 

•62.7 

639 

65. r 

66.3 

67-5 

68.7 

69.9 

71.1 

7»-4 

73- 6 

74- 9 

76.1 

77.4 

78.7 

80.0 

81.2 

82.5 

83.8 

85.2 

86.5 

87.8 
89.1 

90.5 

91.9 
93-2 

94.6 
96.0 

97.4 

98.8 

48.0 

491 

50.2 

51.3 

52.4 

53.6 
54-7 
5«;-8 

56.9 

58.1 

59-3 

60.4 

6r.6 

62.8 
64.0 

65.2 

66.4 

67.6 

68.8 
70.0 

71.3 
7*-5 

73.8 
75-0 

76.2 

77.5 

78.8 

80.1 

81.4 

83.6 

84.0 

85-3 

86.6 

87.9 
S6-3 

90.6 
93.0 

93.3 

94.7 

96.1 

97.6 

99.0 

Scale I 

48.1 

49 a 

50.3 

51-4 

52.6 
53-7 

54.8 
55-9 
57-1 
$8.2 

59.4 

60.6 
61 .-8 

62.9 

64.1 

^5-3 

66.5 

67.7 

68.9 

70.1 

71.4 

72.6 

73.9 

75.1 

76- . 4 

77- 7 
79.0 

80.2 

81.5 

82.8 

84.1 

85-4 

86.7 

88.1 

89.4 

90.8 
92:1 
93-5 

94.8 

96.3 

97-7 

99.1 

eadinga. 

48.2 
49-3 

50.4 

51.6 

52- 7 

53- 8 

54.9 

56.0 

57- 2 

58- 3 

60.7 

61.9 
63.0 

64.2 

65.4 
66.6 

67.8 
6q.o 

70.2 

72.^ 

74.0 

7.5-2 

76.5 

77-8 

79-1 

80.4 

81.6 

82.9 

84.2 

85-5 

86.9 

88.3 

89.6 

90.9 

92.3 

93-6' 

95-0 

96.4 

97.8 

99-3 

1 48.3 
49-4 

50.6 
51-7 

52.8 
S3-9 
55-0 

56.1 
57-3 

58.4 

59-6 

60.8 
62.0 

63.2 

64.4 

65.6 

66.8 

67.9 

69.1 

70.4 

71.6 

72.9 

74.1 

75-4 

76.6 
77-9 

79.2 

80.5 

81.7 
83.0 

84-4 

85.6 
87.0 

88.3 

89.7 

91.0 

91.4 

93-8 

95.1 

96.6 

98.0 

^•4 

48.4 

49- 6 

50- 7 

51.8 
52 9 
54.0 
SS-i 
56.2 
57-4 
S8.6 

59-8 

60.9 

63.1 

63-3 

64.5 
65-7 

66.9 

68.1 

69-3 

70.5 

71.8 

73- 0 

74- 3 

75- 5 
76.^ 

78.1 

79-'4 

80 6 

81.9 

83.2 

84- 5 

85- 7 

87.1 

88.5 

89.9 

91.2 

92.5 

93-9 
95-3 
96.7 • 

98.1 

99-5 

48.6 
49-7 
50 8 
51-9 

53- 0 

54- 1 

55- 2 

56.3 

57- 6 

58- 7 

59- 9 
61.0 

63.2 

63.4 

64 6 

65.8 
67.0 

68.2 

69.4 

70.6 

71.9 
73-1 

74.4 

75-6 

76.9 

78.2 
79-5 
80.8 
83.0 

83-3 

84.6 

85-9 

87-3 

88.6 
90.0 

9»-3 

92.7 
94.0 
95-4 

96.8 

98.3 

99-7 

48.7 
49-8 
SO.9 
52.0 
S3-1 

54.2 

56.5 

57.7 

58.8 

60.0 

61.1 

62.3 

63.5 

64.7 

65-9 

67. x 

68. t 

69.5 

70.8 

72.0 

73- 2 

74- 5 

75- 8 
77-0 

78.3 

79.6 

80.9 

82.1 

83-4 

84.8 

86.1 

87.4 

88.7 

90.1 

I'd 

94- 2 

95- 6 
97.0 

98.4 

99.9 


The standard alkali solution used in the Wollny refractometer 
method is prepared as follows: 8W grams KOH are dissolved in 
1000 c.c. of water, and after cooling 600 grams glycerin and 200 
grams pulverized copper hydrate dissolved. The volume of the 
solution is made up to 3000 c.c. with water and allowed to stand 
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for three to four days before usin);. During this time the solu¬ 
tion should be shaken occasionally. It is ready for use when foam¬ 
ing has ceased. 

If the sample of milk cannot Iw tested when fresh a preserva¬ 
tive must be added. 1 he preservative is projiared bv dissolving 
70 grams pure potassium bichromate in 312.5 c.c. of*strong am- 
mohia and 1000 c.c. of water. 

Several methods are known by wliich the fat is determined 
volumetrically by use of strong chemicals and centrifugal force. 
The desirability of a rapid method for determining the fat content 
of milk became apparent with the rapid development of co-opera¬ 
tive dairying. The producer was paid by weight or volume of 
milk delivered’to the creamery, and the milk from herds produc¬ 
ing rich milk was of the same pecuniary value as milk with low 
fat content, in sjute of the fact that rich milk yields a higher per¬ 
centage of buttei-fat than does jxior milk. Producers of rich 
milk felt justified in demanding a higher price. 

This led to the working out of rapid methods of fat determina¬ 
tion, which also rendered watering of milk unprofitable. t)f the 
several methods designed to serve the purpose, the Babcock 
method is most generally employed in this country. It was in¬ 
troduced in 1890, and although other methods are u.sed in .some 
countries, they are modifications of Babcock's original method. 
In all these tests the ca.sein is dissolved by the use of strong acid 
or alkali or alkali mixed with sodium sulphate, potassium-sodium 
tartrate, or salts of citric and salicylic acids. 

The Babcock method is practically the only one of these used 
by practical dairymen in this country, and its detailed considera¬ 
tion is, therefore, of the utmost importance. An interesting 
account of its development is given in the Wisi'onsin Circular No. 
32, entitled “The ‘Coming of Age’ of the Babcock Teat.” In this 
circular the Babcock test is called the “Founder of Modern Dairy 
Education.” This simple test has done more than any other single 
factor to reduce the watering of milk; it has shown the producer 
how to learn the exact productivity of each individual animal, 
thus enabling him to weed our [xior producers and replace them 
with good milk cows. It has shown sources of loss to butter and 
cheese makers; it has placed the pecuniary value of milk on a 
logical basis, and finally the dairyman can learn through this test 
whether his separator is working to liest advantage by deteimina- 
tion of the fat in the skimmed milk. 

The principles involved in the Babcock test for butter-fat 
are: 1, The complete solution of colloids in milk by action of 
strong sulphuric acid; 2, the production of sufficient heat by the 
mixture of acid and milk to completely liquefy the fat, and 3, 
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the aasembling of the fat in the graduated neck of a specially 
constructed bottle so that the percentage can be read off. 

The sulphuric acid dissolves the casein and removes thereby 
the substance that holds the fat globules in suspension. The 
heat which is generated by mixing the acid and milk causes the 
released fat globules to coalesce and form a layer of melted fat on 
the surface. The sulpliuric acid, furthermore, increases the 
specific gravity of the mixture, thus facilitating the complete 
separation of fat. 

The apparatus required for the test are as follows: 

A pipet measuring 17.0 c.c. 

Specially constructed testing bottles. 



Fig. 43.—'I'o mi.\ the acid and milk shake the bottle until the eonh'nts 
arc of a uniform brown eolor. (Cireular of Information No. 27, July, 1910, 
Univ. of W'is. .'tgri. Kxp. Sta.) 

A glass cylinder to memsure 17.5 c.c. sulphuric acid. 

A pan for heating water. 

A pipet or other instrument for adding the hot water. 

A centrifuge. 

An acidometer. 

The following chemicals are needed: • 

Sulphuric acid of specific gravity of 1.82 to 1.83. 

A solution of glycerin consisting of 80 per cent, glycerin and 
20 per cent, water. 

Fat-saturated alcohol. 

Fat-saturated alcohol is prepared by dissolving a teaspoonful 
■ of melted butter in warm alcohol. The fat from cream testing 
can be used to advantage. The bottle containing the alcohol and 
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fat should remain warm and should be shaken frequently until the 
alcohol IS saturated with butter. 

In carrying out the Babcock test the procedure is as follows: 

1. Mix the sample. If lumps of fat appear on the surface 
heat the milk to about 100° F. to melt the fat. 

2. Measure 17.0 c.c. of the sample in a Babcock pi|)et. The 
milk should flow into the bottle without loss. This is done by 
inclining the bottle and allowing the milk to flow down the side 
of the neck. 


3. Measure in the graduate 17.5 c.c. sulphuric acid. Pour 
the acid slowly down the inside of the neck to avoid choking the 
opening. 



Fig, 44.—Reading of percentage of fat l)V using dividers. (Hull. No. 202, Nov., 
1914, Agri. Kxp. Sta. of Colorado Agri. College.) 

4. Mix the acid with the milk by a rotary motion (Fig. 43). 
The fluid Itecomes yellow, turning darker until a dark brown has 
been reached. Allow to stand for a few minutes and then mix again. 

5. Place the bottles in a centrifuge and whirl for four or five 
minutes. 

6. After the centrifuge hits eeast'd revolving, add enough hot 
water to bring the fat into the lower part of the neck and whirl 
again for two minutes. 

7. Add more wa^er to bring the fat column within the gradua¬ 
tion of the neck and whirl again for one or two minutes. 

8. Read the percentage of fat at a temperature of 120° to 130° 
F. by counting the dividing lines lictween the top and liottom of 
the fat column. The use of dividers facilitates correct reading. 
After the dividers have been spread to measure the distance from 
the top to the bottom of the fat column, place one point exactly on ^ 
zero of the graduation and measure the length of the column 
(Fig. 44). 
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A meniscus forms at both ends of the fat column. The read¬ 
ing should extend from the bottom of the lower meniscus to the 
top of the upper one. By doing this loss of fat in the bottle is 
compensated for. 

After the test is finished the bottles should be cleaned im¬ 
mediately with hot water to prevent the fat from solidifying. 

Otherwise thorough cleaning is rendered 
difficult. 

Of course a representative sample is 
alvsolutely necessary. Methods of obtain¬ 
ing fair samples have been previously dis¬ 
cussed. The pipets are calibrated to hold 
17.() c.c. of water (Fig. 45). As milk is a 
viscous fluid a small amount adheres to the 
inside of the pipet. Exjjerience has shown 
that this loss amounts to 0.1 c.c., so that 
, a 17.()-c.c. pipet discharges 17.5 c.c. of 
milk. If 17.5 is multiplied by 1.03, the 
average specific gravity of milk, the actual 
weight is obtained, namely, 18.025 grams. 
Therefore, this is the basis for calculation. 

The neck of one form of test Ixittle is 
graduated from 0 to 10 per cent. (Fig. 46). 
Each per cent, is again subdivided into 5 
parts, each of the subdivisions representing 
0.2 tier cent. The volume Iietween 0 and 
10 is c-xactly 2 c.c. Therefore, if the grad¬ 
uated part of the neck is filled with fat, there 
are 2 c.c. of fat, or 1.8 grams, since the 
specific gravity of butter-fat is 0.9. Since 
the amount of milk used was 18 grams, the 
milk would contain 10 per cent, of fat if the 
column Iietween 0 and 10 were, filled with 

Fig. 45.—A pipet This is the basis for graduation of tlte 

holding 17.6 e.e. of neck of the test bottles. 

“o'kto? '(Circular 

Information No. 27, m use, but the 10 per cent, bottle has been 
July, 1911, Univ. of niore used than any ojher. Recently an 8 
vVis. Agr. Exp. 8ta.) p^j, Ixittle has been gaining favor, 

because the graduation between figures has 
increased from 5 to 10, thus facilitating accurate reading of 0.1 
per cent. 

After the pipet has been filled with milk it is discharged into 
a test bottle. The aperture of the pipet should touch the glass 
inside the neck so that the milk runs down smoothly. This will 
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prevent choking the opening (Figs. 47, 48). The acid should be 
poured into the bottle with the same care as the milk. The 
temperature of milk and the acid before mixing should be about 
. 21° C. If much higher the mixture is liable to boil and foam will 
escape. 

The specific gravity of the acid should be 1.82 to 1.83. (Com¬ 
mercial sulphuric acid has a specific gravity of 1.84. This is cor¬ 
rected by pouring the acid into a small volume of water and meas¬ 
uring the specific gravity after the mixture has cooled. 

It is important that the acid should have a definite strength. 
If too strong, some of the milk solids char and black flakes collect 



Fig, 46,—Typos of rroain and milk tost, bottles, showing fat columns, menis- 
cusos, etc, (liullctm No, 6S, H, K. 1,) 


at the bottom of the fat column. If the acid is too weak, the 
casein may not dissolve completely and the fat is cloudy, or some 
undissolved eitscin gathers at the lower end of the fat column. 
Reading cannot be accurate when the column of fat is not clear and 
well defined. C^harriijp can be prevented by using a smaller quan¬ 
tity of acid, but it is better still to add 2 c.c. of an 80 per cent, gly¬ 
cerin solution to the milk and mix before the acid is run in. When 
the acid is too weak a larger quantity than 17.5 c.c. will usually 
give satisfactory results. Sulphuric acid must be kept in well- 
closed bottles, otherwise moisture from the air is absorbed and the 
acid becomes weaker. The specific gravity of the acid is tested 
with an acidometer. 
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The graduations of test bottles are not always accurate and 
should be tested. This can be accomplished in various ways. 
A special plunger has been devised for this purpose, known as the 
Trowbridge calibrator, which can be procured for testing 10 per 
cent, milk test Iwttles and 30 per cent, cream test bottles (Fig. 49). 
This instrument consists of two parts, connected by wire. Each 



Fig. 47 .—Correct 
wav of holding pipet 
and bottle (Van Slyke). 


Fig. 48 .—Wrong way 
of holding pipet and bot¬ 
tle (Van Slyke). 


a b 

Fig. 49.—a Milk- 
bottle tester; b, test¬ 
ing accuracy of milk 
bottle (Van Slyke). 


part displaces exactly 1 c.c. of water. Tlie bottle is filled with 
water or some other fluid exactly to the 0 mark and the tester 
IS inserted until the lower portion is submerged. One c.c. of the 
fluid is displaced, and therefore the surface line should reach to 
the 5 per cent. mark. The second portion of the plunger is now 
lowered and the fluid should reach to the 10 per cent. mark. It is 
assumed that when the 6 and 10 per cent, marks are correct 
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the intermediate graduation is also correct. Care should be 
taken to remove all moisture from the neck of the bottle before 
the tester is inserted and the tester must be dry. The moisture 



can be removed with strips of filter paper. No air-bubbles should 
adhere to the plunger, and the temperature of the bottles, the 
liquid, and the test bottle should be the same. 

Another method of testing the accuracy of the graduation is as 
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follows: Water is filled into the bottle exactly to the 0 mark. To 
this is added from a reliable buret 1, 5 c.c., etc., of water, or the 
amount of water may l)e added from accurate pipets. The mark 
on the neck of the bottle should correspond to the amount of 
water added. The same precautions as to the removal of moist¬ 
ure in the neck and the regulation of the temperature should be 
taken. 

In both these methods accuracy is more esisily attained if the 
fluid is colored with some dye, as this facilitates reading. 

A third method consists in measuring exactly 2 c.c. of mercury 
or in weighing out accurately 27.18 grams into a test bottle and 



I'ig. 54. Fig. 55. 

Figs. 64, 55.—Styles of centrifuges for the Babcock test. (A. H. Barber 
Creamery Supply Co.) 


closing the mouth with a cork that has been cut so as to have a 
square end. The cork is pushed down to the 10 per cent, mark and 
the bottle inverted. The column of mercury should exactly reach 
the 0 mark. ^ 

The pipets used in the Babcock test can be tested by running 
17.6 c.c. of water into them from an accurate buret. 

After the sulphuric* acid has been thoroughly mixed with the 
milk and the mixture has assumed a dark brown color, the bottles 
should be weighed (Kgs. 50-53), as it is important to properly bal¬ 
ance the centrifuge (Kgs. 54-56). The number of revolutions 
required to give the best results depends upon the diameter of 
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the wheel. The smaller the diameter, the greater should be the 
number of revolutions per minute. The following figures give the 



Fig. 56.—^Electric centrifuge for the Babcock test. (A. H. Thomas Co.) 


required number of revolutions per minute for centrifuges of differ¬ 
ent diameter (Farrington and Woll): 


Dismeter of wheel. 
10 iticliRi . 

12 “ 

14 " ... . 

16 ■* . 

18 “ .... 

20 *’ ... . 

22 '* . 

24 ■* . 


Number of revolutions required. 
1074 
980 
900 
848 
800 
786 
724 


When a hand centrifuge is used the speed can be judged by 
counting the numlter of revolutions made by slowly turning the 
handle and then turning the handle as many times per minute as 
required. 

The water which is used for filling the bottles so as to bring the 
fat column into the neck should be hot and soft. Hard water may 
contain carbonates Snd the acid then liberates carbon dioxid gas. 
Bubbles of this gas may then disturb the uniformity of the fat 
column and cause inaccurate reading. Hard water is made suit¬ 
able by boiling 

The percentage of fat should be read at about 120° to 140° F. 
(50°-60° C.). If the temperature should be higher than this, read¬ 
ing must be deferred until the right temperature has been reached. 
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If the temperature is too low the bottles should be placed in a 
water-bath of 140° F. for some minutes before reading is taken. 
Sammis states that reading between 110° and 150° F. gives prac¬ 
tically the same results, the difference owing to expansion with 
increasing temperature being negligable. In cream testing the 
temperature must be controlled more accurately. 

The mixture of milk and acid need not be centrifuged immedi¬ 
ately after mixing, but will give accurate results if kept for some 
time. However, when not centrifuged immediately after mixing 
the fluid miKst lie warmed in a water-bath at 71° C. (160° F.). 

The test bottles must lie washed after each test is finished 
before the fat solidifies. The contents, while still wann, may be 
emptied into a waste jar (Fig. 57). A solution 
of pota.ssium bichromate 60 parts, in water 
300 parts and concentrated sulphuric acid 460 
parts or a strong alkali or soda solution can lie 
used after the bottles have been rinsed in hot 
•water. A little ether will facilitate the solu¬ 
tion of lumps of fat adhering to the glass. 
A tulie brush is often necessary to clean ovit 
the neck. Special bottle holders have lieen de- 
Fig. .57.—Waste vised by means of which a number of bottles 
jar for Babcock test be washed at the same time, and by in- 
202 Agri. Ex|>. Sta verting the holder the. water can Ite drained out 
of dolu. Agri.Coll.) of the bottles. A bottle holder suitable for 
this work is illustrated in P'ig. .58. 

There are some devices which facilitate the work when a large 
number of tests are made. The acid can be run into the test, bottles 
from n large container which has a buret attached (Fig. 59). An¬ 
other style has a side tulx! attached wliich is just large enough to 
hold the requisite amount of acid when filled (Fig. 60). Finally, 
a dipper has lieen constructed which holds 17.5 c.c. of sulphuric 
acid (Fig. 61). Other devices aim to facilitate the adding of hot 
water. One style of centrifuge has a water container attached, 
from which hot water can lie distributed to the bottles by means 
of a rubber hose. Or a special vessel containing hot water is kept 
near the centrifuge and the water distributed by means of a rublwr 
hose. Automatic pipets have also been devised. 

When a large number of samples are tesied at the same time 
it is well to first place the milk in the bottles, arranged in a suit¬ 
able rack (Fig. 62), then proceed to add the acid. Otherwise 
the first bottles will cool before centrifugation is possible. To avoid 
this it is advisable to place the bottles in a water-bath at 160° F. 
and keep them there until all bottles are ready for the centrifuge. 

Modifications of the Babcock Test— The Russian Test— 
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^is test differs from the Babcock test in mechanical devices, not 
m principle. A specially constructed pipet is intended to facilitate 
discharging the milk into the test bottle. The bottle also is 
specially instructed and the hot water is distributed to the 
bottles while the centrifuge is in motion. 



Gerber Buiyrometer.—The principle involved in this test also 
IS the same as in the Balicock test, but the Ixrttles, pipets, etc., are 
of different pattern. Only 11 c.c. of milk are used with 10 c.c. 
of sulphuric acid mixed with 1 c.c. amyl alcohol. The separa¬ 
tion of fat is said to be facilitated by the addition of amyl alcohol. 
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There are several methods in which no acid is used. Instead, 
a solution of sodium hydrate, sodium sulphate, and potassium- 




Fig. 60.—Swedish arid bottle. 


sodium tartrate is the dissolving agent. As this mixture does not 
generate as much heat as the Babcock mixture it is necessary to 
heat the bottles to about 93° C. before centrifuging. 




Fie. 62.—Rack for holding Babcock 
test bottles. (A. H. Barber Creamery 
Supply Co.) 


None of these modifications give better results than the original 
Babcock method and are not likely to become popular. The 























PHYSICAL AND CHEMICAL EXAMINATION OF MILK 167 

Babcock test gives perfectly reliable results when it is executed 
with care. 

Testing Cream by the Babcock Method.— The fat content of 
cream can be tested by the Babcock method, but special care is 
required to obtain reliable results. Since the specific gravity 
of cream is lower than that of milk, a 17.6-c.c. pipiet will not deliver 
18 grams of cream and the result will be too low. The determina¬ 
tion is further complicated by the varying viscosity of cream. If 
cream has a high viscosity an appreciable amount will adhere to 
the glass of the pipet, and as air-bubbles are generally present in 
cream and tend to rise slowly, the real amount of cream falls short 
of the required 18 grams. Washing the adhering cream out of the 
pipet with water corrects the error in a measure, but a true charge 
can only be obtained by weighing. 

Farrington and Woll have determined the weight of cream of 
different fat content delivered from a 17.6-c.c. pijxit when the cream 
is fresh from a separator. The figures are given in the following 
table: 

WRIGHT OF FRESH SEPARATOR CREAM DEUVF.RED FROM A 17 U'.C. PIPET 


JVr cent. 

{ftt 111 

cream 

Specific gravity 
at 17.5“ C. 

1 Weight of cream debvered 1 

m grame. 1 

CorrecUoM 
to l)(> 
added 

1 WciRhed. 

Calculated. 

WeiKliod. j 

CakniUted. 

10 

1 023 

1 025 i 

i 17 9 ! 

18 00 

0 00 

lA 

1 012 

J 020 

17 7 

17 95 

0 04 

20 

1 OOH 

1 014 

17 3 ! 

17 84 

0 18 

25 ; 

1 002 

1 000 

.17 2 

17 76 

0 35 

SO 1 

0 006 

1 004 j 

17 0 

17 66 

0 58 

36 i 

0 m 

0 m 1 

16 4 

17 56 

0 88 

40 

0 060 

0 m ! 

16 3 

17 48 

1.19 

45 

0 050 i 

0 OKH ! 

16 2 

17 30 

1 50 

80 

0 047 

0 ilffi 1 

15 H 

17 30 

2 00 


When corrections are made according to these figures good re¬ 
sults are obtained only when the cream is fresh from the separator. 
After it has stood for some time conditions change with the in¬ 
creasing acidity. Bacterial activity not only increases the acidity of 
the cream, but produces gas-bubbles, which are held in suspension 
and decrease the specific gravity of cream. Whenever possible 
cream samples shoulfl be weighed. Special balances can be pro¬ 
cured for this purpose on which one or more bottles can be weighed 
and which remain sensitive if properly cared for. The bearings, 
if made of iron, must be kept free from rust. (See Figs. 52 and 63). 

Cream Teat Bottles .—Special test Inittles have been designed 
for cream testing, since milk bottles record only 8 to 10 per cent, 
fat (Fig. 63). The necks of cream testing bottles are devised to 
hold more than 10 per cent. fat. Either a bulb is blown in the 
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neck or the neck is made longer than the neck of a milk bottle, or, 
again, the diameter of the neck may be enlarged. 

The earliest cream-testing bottle had a neck too long to fit in 
the majority of centrifuges. For this reason the type with a bulb 
was designed. The bulb type requires care when the water is 
added, otherwise the bottom or top of the fat column may be lo¬ 
cated in the bulb which has no graduations. The percentage of fat 



can 1)6 read in this style of bottle 
only when the top and bottom of 
the fat column falls in the gradu¬ 
ated part of the neck. The Winton 
cream-testing bottle has a wide neck 
without a bulb and is graduated to 
measure 30 per cent, cream. By 
using a 9-gram charge instead of 
18, cream up to 60 per cent, fat 
content can be tested in this bottle. 
When a 9-gratn charge is used the 
result must l)e doubled. The grad¬ 
uation records 0.5 per cent., but 
even 0.25 per cent, can lie read with 
accuracy. 

Cream-testing bottles which are 
graduated to read the percentage of 
fat directly when a 9-gram charge 
is used are also obtainable. 

The .smaller the diameter of a 


*1 ^8- 1 ) 0 ^ cream-testing bottle, the greater is 
ties. The surface of the fat col- j- .. i ,• • • , 

umn is curved from A Ut B as distance between divisions and 


shown in Ixittlc No. I, with the 
medium point C not clearly de- 
fined, whde in bottle No. 2 the 
top of the fat column is made 
clear at C bv the fat-saturated 
alcohol /). (11011. No. 195,1910. 
Univ. of Wis. Agri. Exp. Station.) 


the more accurate is the reading. 
Webster’s experiments seem to show 
that 30 per cent. 9-inch bottles 
graduated to 0.2 per cent, arfe the 
most accurate. 'The results must 
be doubled when these bottles are 


used. The 50 per cent. 9-inch bottles graduated to 0.5 per 
cent, are next in accuracy. Bottles with 6-inch necks are not 
accurate. * * 


The Official Dairy Instructor’s Association has recognized two 
types of cream-testing bottles, namely: 1, a bottle with a 6-inch 
neck, and 2, a bottle with a 9-inch neck. Both styles are gradu¬ 
ated to 50 per cent, and are calculated on a 9-gram charge. 

The standards for construction and graduation of Babcock 


glassware adopted by the Association of Official Agricultural 
Chemists in 1908 are these; 
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“The following are the standard Babcock test bottles for milk 
and cream; 

“1. Milk test bottles, 8 per cent., 18 grams, .6 inch. 

“2. Cream test bottles, M per cent., 9 grams, 6 inch. 

“3. Cream test bottles, 50 per cent., 9 grams, 9 inch. 

“Standard milk test bottles, 8 per cent., 18 griuiis, 6 inch, 1. 
Graduation: The total per cent, graduation shall be 8. The grad¬ 
uated portion of the neck shall have a length of not less than 63.5 
mm. (2.5 inches). The graduation shall represent whole per cent., 
five-tenths per cent., and tenths per cent. The tenths per cent, 
graduations shall be no less than 3 mm. in length; the five-tenths 
graduations shall be I nun. longer than the tenths [ler cent, grad¬ 
uations, projecting 1 mm. to the left; the whole per cent, gradua¬ 
tions shall extend halfway around the neck to the right and pro¬ 
jecting 2 mm. to the left of the tenths jier cent, graduations. Each 
per cent, graduation shall be numbered, the number lieing'placed 
on the left of the scale. The error at any poiflt of the scale shall 
not exceed one-tenth jier cent. 

“2. Neck: The neck shall l)e cylindric for at least 9 mm. 
below the lowest and above the highe.st graduation mark. 
The top of the neck shall be flared to a diameter of not less than 
10 mm. 

“3. Bulb: The capacity of the bulb up to the junction of the 
neck shall not be less than 45 c.c. The shape of the bulb may lie 
either cylindric or conical, with the smallest diameter at the 
bottom. If cylindric, the outside diameter shall be between 34 
and 36 inm.; if conical, the outside diameter of the base shall be 
between 31 and 33 mm., and the maximum diameter between 35 
and 37 mm. 

“4. The charge of the bottle shall l)c 18 grams. 

“5. The total height of the bottle shall 1)(“ between 150 and 
165 mm. (5| and 6^ inches). 

“6. Each bottle shall trear a [lermanent identification num¬ 
ber. 

“Standard cream test bottles, 50 per cent., 9 gram, so-called 
6 inch and 9 inch: 1. Graduation: The total per cent, graduation 
shall lie .50. The graduated portion of the neck shall have a 
length of not less ttian 63.5 mm. (2Jj inches). The graduation 
shall represent 5 per cent., 1 per cent., and 0.5 jicr cent. The 0.5 
per cent, graduations shall be at least 3 mm. in length; the 1 per 
cent, graduations shall te 2 mm. longer than the 0.5 per cent, 
graduations, projecting 2 mm. to the left; the 5 per cent, gradu¬ 
ations shall extend halfway around the neck to the right and 
project 4 mm. to the left of the 0.5 per cent, graduations. Each 
5 per cent, graduation shall be numliered, the numlier being 
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placed on the left of the scale. The error at any point of the scale 
shall not exceed 0.5 per cent. 

“2. Neck; (Same as standard milk test bottle.) The neck 
shall be cylindric for at least 9 ram. below the lowest and above 
the highest graduation mark. The top of the neck shall be flared 
to a diameter of not less than 10 mm. 

“3. Bulb; (Same as standard milk test bottle.) The capacity 
of the bulb up to the junction of the neck shall not be less than 45 
c.c. The shape of the bulb may l)e either cylindric or conical, with 
the smallest diameter at the bottom. If cylindric, the outside 
diameter shall be tetween 34 and 36 mm.; if conical, the outside 
diameter of the base shall be lietween 31 and 33 mm., and the max¬ 
imum diameter between 35 and 39 mm. 

“4. The charge of the bottle shall be 9 grams. 

“5. The total height of the 6-inch bottle shall be between 150 
and 165 mm. (5| and 6| inches—same as standard milk test bot¬ 
tles); of 9-inch bottles, between 210 and 225 mm. (Sf and 8| 
inches). 

“6. All bottles shall bear on top of the neck, alwve the gradu¬ 
ations, in plainly legible characters, a mark defining the weight of 
the charge to be u.sed (9 grams). 

“Each bottle shall bear a permanent identification number. 

“Standard pipet; Total length of pipet not more than 330 
mm. (13J inches). 

“Outside diameter of suction tul* 6 to 8 mm. 

“Length of suction tube 130 mm. 

“Outside diameter of delivery tul)e 4.5 to 5.5 mm. 

“Length of delivery tube 100 to 120 mm. 

“Distance graduation mark above bulb 50 to 60 mm. 

“Nozzle .straight. 

“Delivery 17.6 c.c. of water at 20° C. in five to eight seconds. 

“Standard of Accuracy for Babcock Glassware and Rules for 
Testing .—Section 1; The unit of graduation for all Babcock glass¬ 
ware shall be the true cubic centimeter (0.998877 gram of water at 
4° C.). 

“(a) With bottles the capacity of each per cent, on the scale 
shall be 0.2 c.c. 

“(6) With pipets and acid measure the delivery shall be the 
intent of the graduation, and the graduation shall be read with the 
bottom of the meniscus in line with the mark. 

“Section 2; The ofiicial method for testing bottles shall be 
calibration with mercury (13.5471 grams of clean, dry mercury at 
20° C. carefully weighed on analytic balances, to equal 0.5 per cent, 
on the Babcock scale), the bottles being previously filled to zero 
with mercury. 
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“Sections: Optional methods: The mercury and cork, alcohol 
and buret, and alcohol and brass plunger methods may be em¬ 
ployed for rapid testing of Babcock bottles, but the accuracy 
of all questionable bottles, shall be determined by the official 
method. 

“Section 4: The official method for testing pipets and acid 
measures shall be caliWation by measuring in a buret the quan¬ 
tity of water (at 20° C.) delivered. 

“Section 5: The limits of error (a) for Babcock bottles shall be 
the smallest graduation on the scale, but in no case shall it exceed 
0.5 per cent., or for skimmed milk bottles 0.01 per cent. 

“(b) For full quantity pipets it shall not exceed 0.1 c.c., and for 
fractional pipets 0.05 c.c. 

“(c) For acid measure it shall not exceed 0.2 e.c.” 

Milk-testing bottles can be used for cream testing by dividing 
the charge between two or more bottles. Enough water to bring 
the volume in each Iwttle to about 17.5 c.d. should lie added. 
The readings of the bottles arc then added to obtain the percentage 
of fat. 

Sampling Cream f(rr the Babcock Test .—As the sample should 
be representative of the true composition of the cream to l)C tested, 
it is imiwrtant to mix the cream thoroughly before sampling. 
This is best accomplished by pouring the cream from one vessel 
to another. Ordinary milk cans arc not suitable for this purpose, 
as cream is liable to l)e spilled on account of the small openings 
in such cans. Specially constructed cans with wide apertures 
should be used for this purpose. 

After the cream has Ireen mixed a sampler can be used to take a 
suitable amount, but care should l)e taken to prevent mixing the 
cream adhering to the outside of the sampler with the sample. 
If a sampling tute is u.scd it should be lowered slowly into the can 
so that it fills as rapidly as it goes down. When several samples 
are taken from different cans the sampler must be thoroughly 
cleaned for each sample. 

Frozen cream must be completely thawed. Frozen or partly 
churned cream should te rublied through a sieve to break up the 
clumps of fat. Rich milk, as Jersey milk, for example, may be 
partly churned durlhg transportation if the cans are not fill^ to 
the top. The small lumps of fat are difficult to distribute evenly 
through such cream. 

It is probably safer to test the cream each time it is sampled 
rather than collect composite samples. However, when com¬ 
posite sampling is practised the cream must be preserved in tightly 
closed bottles to prevent evaporation. Unless this is provided for, 
a tough dry film forms on the surface and thorough mixing can be 
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placed on the left of the scale. The error at any point of the scale 
shall not exceed 0.5 per cent. 

“2. Neck; (Same as standard milk test bottle.) The neck 
shall be cylindric for at least 9 ram. below the lowest and above 
the highest graduation mark. The top of the neck shall be flared 
to a diameter of not less than 10 mm. 

“3. Bulb; (Same as standard milk test bottle.) The capacity 
of the bulb up to the junction of the neck shall not be less than 45 
c.c. The shape of the bulb may l)e either cylindric or conical, with 
the smallest diameter at the bottom. If cylindric, the outside 
diameter shall be tetween 34 and 36 mm.; if conical, the outside 
diameter of the base shall be lietween 31 and 33 mm., and the max¬ 
imum diameter between 35 and 39 mm. 

“4. The charge of the bottle shall be 9 grams. 

“5. The total height of the 6-inch bottle shall be between 150 
and 165 mm. (5| and 6| inches—same as standard milk test bot¬ 
tles); of 9-inch bottles, between 210 and 225 mm. (Sf and 8| 
inches). 

“6. All bottles shall bear on top of the neck, alwve the gradu¬ 
ations, in plainly legible characters, a mark defining the weight of 
the charge to be u.sed (9 grams). 

“Each bottle shall bear a permanent identification number. 

“Standard pipet; Total length of pipet not more than 330 
mm. (13J inches). 

“Outside diameter of suction tul* 6 to 8 mm. 

“Length of suction tube 130 mm. 

“Outside diameter of delivery tul)e 4.5 to 5.5 mm. 

“Length of delivery tube 100 to 120 mm. 

“Distance graduation mark above bulb 50 to 60 mm. 

“Nozzle .straight. 

“Delivery 17.6 c.c. of water at 20° C. in five to eight seconds. 

“Standard of Accuracy for Babcock Glassware and Rules for 
Testing .—Section 1; The unit of graduation for all Babcock glass¬ 
ware shall be the true cubic centimeter (0.998877 gram of water at 
4° C.). 

“(a) With bottles the capacity of each per cent, on the scale 
shall be 0.2 c.c. 

“(6) With pipets and acid measure the delivery shall be the 
intent of the graduation, and the graduation shall be read with the 
bottom of the meniscus in line with the mark. 

“Section 2; The ofiicial method for testing bottles shall be 
calibration with mercury (13.5471 grams of clean, dry mercury at 
20° C. carefully weighed on analytic balances, to equal 0.5 per cent, 
on the Babcock scale), the bottles being previously filled to zero 
with mercury. 
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ture. It is advised by some to straighten the top meniscus by 
dropping a small amount of some liquid on the surface, but the 
liquid used must not dissolve any part of the fat. Fat-saturated 
alcohol can be used or glymol, which can be procured under the 
commercial name of white mineral oil. The reading is rendered 
more distinct if the oil is colored red by digesting some alkanet root 
in it. Amyl alcohol, colored red, can be u.sial for the same purpose. 

When the fat column is turbid and the acid-cream mixture 
milky, accurate reading is difficult. In such cases the bottles 
should 1 x 1 placed in hot water for about ten minutes, or, if this 
procedure does not clarify the fat, the l)ottlcs can l)c placed in eold 
water until the fat solidifies. After this the bottles may l>c placed 
in hot water and the fat melted. 

Testing Skimmed Milk, Buttermilk, and Whey by the Babcock 
Method.—Testing skimmed milk, buttermilk, and whey for fat 
by the Babcock method is feasible, altlamgh some alight modifi¬ 
cations are neces.sary owing to the small fat coi*tent in these prod¬ 
ucts. In scparatcil milk and buttermilk the [icrcentagc of fat 
is frequently less than 0.1 [kt cent., and, since it has Ix'eii shown 
that as much as 0.2 per cent, of fat may lie lost sight of in the 
Babcock test, gi-enter accuracy is nece.ssary in testing products 
contiiining but 0.1 or less jicr cent. fat. Furthermore, it is diffi¬ 
cult to read accurately 0.1 per cent, or less in milk-testing bottles. 

Attempts have been made to overcome these difficulties by 
doubling the reading when the test shows less than 0.1 (x-r cent. 
This method obviously does not contribute to accuracy. The 
most approved method of correcting the error is by the use of 
special skimmed milk test bottles. These have necks of small di¬ 
ameter so thiit the graduations are far apart. However, since it is 
difficult to discharge the milk and acid through a narrow neck 
without choking it with consequent loss of material, a second neck 
hits lieen provided in the,se Ixittles (Fig. (>4). The fluids are poured 
into the bulb of the bottle through this side neck. The fat is 
forced into the narrow graduated neck, because the end of the side 
tulie is below the surface of the acid-milk mixture. A tightly 
fitting cork may be placed in the mouth of the graduated neck and 
pushed down until the lower line of the fat column coincides with 
a mark so that readin|; is facilitated. 

It has been stated previously thfit some fat remains in the 
acid mixture and that the smallest fat globules are difficult to 
separate from the liquid by centrifugal force. This difficulty is of 
greater importance when skimmed milk, buttermilk, or whey are 
tested tlian when milk or cream is tested, since the relative numlier 
of small globules is greatest in milk or milk products from which 
the bulk of the fat has been removed. As much as 0.0.5 to 0.1 
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per cent, of the fat fails to appear in the column for this reason. 
Van Slyke gives the following method to separate the fat more 
completely from the mixture: “Use 20 c.c. sulphuric acid, whirl the 
bottles at full speed for three to five minutes longer than usually, 
and read the fat at a temperature of 130° to 140° F. Steam tur¬ 
bine testers which keep the bottles hot give the test results.” 

When carried out carefully the Babcock test gives results which 
differ but slightly from results obtained by the ether extraction 
method. The following figures given by Leach show the compar- 



Fig. M.—Test bottles used with skimmed milk and whey. Each division 
of the scale represents 0.05 per cent, on the neck of the bottle at the right, 
im the two bottles at the left each division represents 0.01 per cent fat 
(Circular of Information No. 27, July, 1911, Univ. of Wis. ./^ri. Exp. Sta.) 


ative accuracy of fat determinations by the Babcock method with 
the results obtained by the Adams-Soxhlet.method; 


FAT determinations COMPARING THE BMCOOK METHOD WITH THE ADAMS- 
80XHLET METHOD 


Kind of milk. 

Wliole milk—1 . 

2 . 

W»tered milk—1. 

2 . 

Sdmmed milk—I. 

2 . 


Aduns-Soxhiet metiiod, 
po* cent. fat. 

4.27 

4.28 
2 70 
2.74 
0 10 
0.14 


Babcock method, 
per ceot. fat. 
4.30 
4.35 
2.70 
2 80 
0.15 
0.16 












The Babcock readinRs were always lower than gravimetric 
analyses, although the steam turbine kept the fat at a high tem¬ 
perature and the bottles were whirled for six minutes at full speed. 

# 

The Determination of Total Solids and Plasma Solids 

Total solids are determined by weighing 2 to 5 grams of milk 
m an evaporating dish, preferably a platinum dish, and evaporating 
the contents to dryness. Porcelain dishes, glass dishes, or those 
made of aluminum, nickel, or fin may lie used, but a platinum 
dish 18 most suitable, esiiecially when the ash is to be determined. 
The dish containing the milk is placeii on a water-bath. After 
the water has l)(«n driven off, the outside of the dish is wiped and 
the dish placed in a desiccator to remove the last traces of moist¬ 
ure. By weighing the solids the percentage is finally calculated. 
A small amount of sand may lie added to the milk before evapora¬ 
tion is begun. 

Evaporation of milk for the determination of total solids is 
frequently carried on in specially constructed ovens. These ovens, 
of which several styles are used, are so constructed as to have a 
steam jacket surrounding the inner part of the oven. The tem¬ 
perature, therefore, is not above 100° C. Higher temperatures 
cause decomposition of some of the constituents and must be 
avoided. 

Two methods for determining total solids are given by the 
Association of Official Agricultural Chemists, as follows: 

‘‘Method /.—Heat from 3 to 5 grams of milk at the temperature 
of tolling water until it ceases to lose weight, using a tared flat 
dish of not less than 5 cm. diameter. If desired, from 16 to 20 
pams pure dry sand may be previously placed in the dish. Cool 
in a desiccator and weigh rapidly to avoid absorption of hygro¬ 
scopic moisture. 
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'‘Method 2.—Babcock’s Asbestos Method: Provide a hollow 
cylinder of perforated sheet metal, 60 mm. long and 20 mm. in 
diameter, closed 5 mm. from one end by a disk of the same mate¬ 
rial. The perforations should be about 0.7 mm. in diameter and 
alwut 0.7 mm. apart. Fill loosely with from 1..5 to 2..5 grams of 
freshly ignited, woolly asbestos, free from fine and brittle material, 
cool in a de.siccator, and weigh. Introduce a weighed quantity of 
milk (between 3 and fi grams) and dry at the temperature of boil¬ 
ing water to constant weight.” 

Plasma solids or solids-not-fat are usually determined by sub¬ 
tracting the percentage of fat from the total solids. 

Attention has been called to the fact that there is a definite 
relation between specific gravity and the fjercentage of fat and 
total solids. Based on this relation Babcock has worked out 
formulas by which the total solids and plasma solids can be cal¬ 
culated when specific gravity and fat percentage are known. The 
formula for plasn^i solids is as follows: 


Per cent, plasma solids 
(solids-not-fat) 


( KK) S. - F. S. 
101) - 1.0753 F. S. 



F.) 2.5. 


S. stands for specific gravity and F. for the percentage of fat. 
A simplified formula givitig apjiroximate results is this: 


Per cent, plasma solids 
(.solid.s-not-fa() 


0 25 L. -I- 0.2 F. 


F’or calculating the total solids the following formula is given: 
Per cent, total solid.s = 0.26 L. -f 1 2 F. 

In these formuhis L. is the Quevenne lactometer reading and 
F. the jxircentage of fat. 

The table on pages 177 and 178, from Bulletin 134, Bureau of 
Animal Industry (Shaw and Eckles), gives the total solids when 
specific gravity and fat content are known. 
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TABLE FOR DETERMINING TOTAL SOUDfl IN MILK FROM ANY GIVEN SPBCinC GRAV¬ 
ITY AND PERCENTAGE OF FAT (8HAW AND BCKLEB). 
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TABLE FOR DETERMINING TOTAL SOLIDS IN MILK FROM ANT GIVEN SPECIFIO QRAV 
m AND PERCENTAGE OF FAT-CONTINUED (SHAW AND ECKLES) m 



PROPORTIONAL PARTS. 



The table giving Proportional Parts shows the amount to be 
added when lactometer readings are in whole numbers and deci¬ 
mals. 
































































































In England Hehner and Richmond have 
worked out a formula for calculating solids as 
fo^ws: 

Per cent, total solids • 0.25 S, + 1.2 F. + 0.14. 

S. is the lactometer reading and F. the per¬ 
centage of fat. 

Richmond has also designed a sliding rule 
for the rapid calculation of results (Fig. 65). 

Shaw and Eckles, who have investigated 
the accuracy of results obtained by the u.se of 
formulas, have concluded that when exact per¬ 
centages of total solids are demanded the use 
of any formula will not fulfil the requirements. 
The authors found that the Babcock formula 
gave results close to those obtained gravi- 
metrically, and these results can Ik; used when 
only close approximations are desired. They 
further stated that the ordinary lactometers' 
are not sufficiently sensitive for estimation of 
total solids, but that the lactometer devi.sed 
by them (sec p. 143) gave re.sults as accurate 
as those obtained with a Westphul balance. 

Fleischmarm’s formula for calculating total 
solids is as follows: 


Per cent, total solids = 1.2 F. + 2.665 

in which F. stands for percentage of fat and S. 
for specific gravity. 


The Determination of Ash 

The platinum dish containing the total 
solids is ignited over a Bunsen flame at dull 
red heat until a white residue is obtained. 
This is cooled and weighed and the percent¬ 
age of ash calculated. 

The following method is given by the As¬ 
sociation of Official Agricultural Chemists: 

“Weigh about 20 grams of milk in a weighed 
dish, add 6 c.c. of'nitric acid, evaporate to drj'- 
ness, and ignite at a temperature just below 
redness until the ash is free from carbon.” 

When the ash is to be further analyzed for 
its elements the following method can be em¬ 
ployed (Richmond): 



17(1 
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“25 to 50 grams of milk are evaporated and the solids ignited 
over barely perceptible red heat until thoroughly charred, other#iae 
alkaline chlorids are lost. The ash Ls extracted with hot water 
and filtered. The residue on the filter is ignited at red heat until 
white. This gives the insi)luble ash. The filtrate is evaporated 
and cautiously ignited at low temperature and the soluble ash 
obtained. This method gives 0.02 per cent, higher results than 
ignition of the total residue. To examine the ash further two 
parts arc kept separate. One part is titrated with N. 0.1 acid 
with methyl orjinge as indicator for alkalinity and with standard 
silver nitrate .solution for chlorin, with potassium chromate as 
indicator. 

“The insoluble part is dissolved in a slight excess of hydro¬ 
chloric acid, the solution nearly neutralized with ammonia, and 
heated to boiling. A cold saturated solution of ammonium ox¬ 
alate is dropped in slowly until no more precipitate forms. This 
should stand for at least two hours. Then the precipitate is 
filtered off, washecl, and ignited at low temiieraturc. The ignited 
precipitate may be moistened with ammonium carbonate solution 
and re-ignited at low temperature. After weighing, the residue 
is dissolved in dilute hydrochloric acid, keeping the bulk small; 
ammonia is added to an alkaline reaction. The small precipitate 
of calcium phosphate is collected, ignited, and weighed. The 
weight is subtracted from the previous weight and the difference 
gives calcium carbonate, which, multiplied by 0.4, gives the cal¬ 
cium, or by 0.50, the lime. The weight of the calcium phosphate 
multiplied by 0.3871 gives the calcium; by 0.5419, the lime. The 
total calcium or lime Ls the sum of the two. 

“The filtrate is made strongly ammoniacal with 0.880 ammonia 
and allowed to stand for twenty-four hours. The precipitated 
magnesium-ammonium phosphate is filtered off, washed with 
dilute ammonia, ignited, and the magnesium pyrophosphate 
weighed. The weight multiplied by 0.21022 gives the magnesium, 
and by 0.30030, the magnesia obtained. To the filtrate from this 
magnesia mixture is added. The precipitated magnesium-am¬ 
monium phosphate is filtered off after twenty-four hours and treated 
as above. From the total weight of the two quantities of mag¬ 
nesium pyrophosphate the phosphoric anhydrid is calculated by 
multiplying by 0.03904. To this is added th# phosphoric anhydrid 
in the calcium phosphate, calculated by multiplying the weight 
by 0.4581. 

“No account of traces of iron is taken in this method. The 
iron is precipitated with the calcium phosphate and the magnesium- 
ammonium phosphate. If the iron is to be estimated the precipi¬ 
tate of calcium phosphate and the first magnesium-ammonium 
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phosphate are dissolved in dilute hydrochloric acid and the iron 
determined colorimetrically as sulphid, ferrocyanid, or thiocyanate. 

“To estimate the alkalies, another portion of the milk is 
ignited and the ash dissolved in dilute hydrochloric acid and 
boiled. A few drops of barium chloric! solution are added to make 
0.1 gram per 100 grams of milk and boiling continued for some 
minutes. After some hours the precipitate of barium sulphate is 
filtered off, ignited, and weighed. The weight multiplied by 
0.34335 gives the sulphuric anhydrid in milk. Ferric chloric! 
solution is added to color the solution brown and the filtrate made 
alkaline with ammonia. The prc!cipitate is well washed and the 
filtrate evaporated and cautiously ignited. The weight gives the 
alkaline chlorids. The residue is re-dissolved in water, and if the 
sedution is not quite clear, ammonium carbonate is added, the 
liquid evaporated to dryness, and the residue cautiously ignited. 
The residue is again taken up with water, filtered, and cvaixmited; 
the residue is cautiously ignited and weighed. * 

“('hlorin is titrated with standard silver nitrate solution with 
potassium chromate as indicator. The potassium and sodium 
arc calculated as follows: 

“W. = weight of alkaline chlorids. 

“(1. = weight of chlorin therein. 

“Weight of sodium = 2.!I!I7 ('. — 1.42,54 W. 

“Weight of potassium = 2.4254 W. - 3.tlt)7 

“Potassium is directly estimated by evaporating the solution 
of alkaline chlorids with excess of platinum tetrachlorid .solution 
almost to dryness. The pasty residue is treated with 80 per cent, 
alcjohol containing 5 per cent, ether and washc'cl repeatedly with 
this mixture. The alcohol is peussed through a weight'd filter or 
a (looch crucible, and the precipitate finally transferred to this 
and washed with ether. It is then dried at 100° (’. and weighed. 
The weight multiplied by 0.3050 gives potassium chlorid; this sub¬ 
tracted from the w-eight of the alkaline chlorids gives .sodium 
chlorid. 

“Potassium chlorid multiplied by 0.5244 gives potaasium, and 
by 0.6314, potash. Sodium chlorid rnultiiilied by 0.3932 gives 
sodium, and by 0.5299, .soda. 

“Magnesia Mixtufe. —1(K) grams magnesium chlorid are dis¬ 
solved in water and ammonia added until the solution smells 
strongly of ammonia. Then enough ammonium chloritl is added 
to dissolve the precipitate and the volume made up to 1 liter.’’ 

Determination of Proteins 

Determination of Total Nitrogen. —The total nitrogen is liest 
determined by the Gunning method, which is carried out us fol- 
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lows, according; to the Association of OflScial Afp-icultural Chem¬ 
ists: “About 5 grams of milk are placed in a Kjeldahl digestion 
flask, 10 grams powdered potassium sulphate and 15 to 25 c.c. 
(average 20 c.c.) sulphuric acid added. The digestion js started 
with a temperature l)elow the boiling-point and the heat gradually 
increased until frothing ceases. The mixture is digested for some 
time after it has become colorless or until oxidation is complete. 
A small piece of paraffin is added to prevent bumping. After 
cooling the mixture is diluted with about 200 c.c. water, a few 
pieces of granulated zinc or pumice stone added, and enough soda 
solution to make the fluid strongly alkaline. The soda solution 
must bo poured down the side of the flask so that it does not mix 
at once with the acid solution. The flask is then connected with 
a condenser, the conlents mixed by .shaking, and heated until all 
ammonia has passed over. The ammonia is received in a definite 
amount of standard acid. This operation usually requires from 
forty minutes to* one hour and a half. The distillate is then 
titrated with standard alkali. The percentage of nitrogen ob¬ 
tained is multiplied by 0.38 to obtain the percentage of total pro¬ 
tein. This method is not applicable when nitrates are presetit. 
This, however, occurs rarely with milk. 

“Tfte Reagents Used. —Potassium sulphate' should be pulver.- 
ized before using. 

“Standard sulphuric acid for receiving the ammonia should 
be half normal or one-tenth normal when very small amounts of 
nitrogen arc present. 

“Standard alkali solution should be onc-tenth normal. 

“Concentrated sulphuric acid. 

“Sodium hydrate solution should be saturated. 

“Cochineal is used as indicator.” 

Determination of Total Nitrogen bg the Ritthausen Method .— 
Ten grams of milk are measured into a beaker and diluted with 
water to about 100 c.c. Richmond modifies the process by neu¬ 
tralizing the milk to phenolphthalein before proceeding. To the 
diluted milk are added 5 c.c. copper sulphate solution prepared by 
dissolving 34.64 grams copper sulphate in 500 c.c. water and the 
mixture stirred. Then a solution of sodium hydroxid (2.5 per 
cent.) is slowly added till the mixture is ntarly neutral. Excess 
of alkali is to be avoided, since this prevents complete precipita¬ 
tion of the proteins. After the precipitate has settled the super¬ 
natant fluid is poured through a weighed and dried filter. The 
precipitate is washed several times by decantation and then 
transferred to the filter. It is washed with water, drained, and 
washed with strong alcohol, dried, extracted with ether in a Soxh- 
let extraction apparatus, and then transferred on the filter to an 
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oven, dried at 130° C., and weighed. The precipitate with filter 
are incinerated in a porcelain crucible and the weight of the residue 
deducted from the first weight. The result gives the weight of the 
protein. 

Detertnination of Casein and Albumin.— Method of the As¬ 
sociation of Official Agricultural Chemists; “The milk should tx‘ 
kept fresh, or if this is not possible, 1 part foriualdehyd is added 
to 2500 parts milk and the milk kept on ice. About 10 grams of 
the milk arc placed in a beaker with alwut 00 c.c. of water at 40° to 
42° C . and 1.5 c.c. of a 10 jier cent, acetic acid solution added. 
The mixture is stirred with a glass rod and allowed to stand for 
three to five minutes or longer. The supernatant fluid is decanted 
on a filter, the precipitate washed with cold water two or three 
times by decantation, and the prcciiiitate transferred completely 
to the filter. The precipitate is then washed once or twice on the 
filter. The filtrate .should bo clear or nearly so. If it does not 
run clear, the filtrate is i)onre(i back and this lavcess rejieated two 
or three times, after which the washing of the i)recipitate can b(‘ 
completed. The nitrogen is determined in the washed precipitate 
by the Gunning method. The nitrogen is multiplied l)y 0.38 to 
obtain the amount of casein. 

“The filtrate obtained is neutralized exactly with alkali and 0.3 
c.c. of a 10 per cent, acetic; acid added. The li(|uid is heated to the 
boiling temperature until the albumin is com|)letely precipitated. 
The precipitate is collected on a filler, washed, and the nitrogen 
determined by the Gunning method. The n'sult is multiplied by 
6.38. 

“Optional Method of Determining Casein and Albumin.—To 
10 c.c. of milk 50 c.c. of distilled water at 40° C. are added, and 
then 2 c.c. of alum solution saturated at 40° V. or higher. The 
precipitate is allowed to settle, transferred to a filter, and washed. 
Nitrogen is determined by the Gunning method. 

“To the filtrate 0.3 c.c. of a 10 ikt cent, acetic acid solu¬ 
tion are added and the mixture l«)iled until the idbumin has 
been completely precipitated and the nitrogen determined as 
before. 

“Leffman and Beam's Method for Determining Casein and 
Albumin .—Twenty c.f. of milk are mixed with siiturated solution 
of magnesium sulphate and the mixture saturated with the pow¬ 
dered salt. The whole is then washed into a graduate with a little 
saturated solution and the precipitate allowed to settle. The 
volume the mixture in the graduate is noted and as much as 
possible of the clear sujiernatant fluid removed with a pipet and 
filtered. 

“An aliquot portion of the filtrate is taken and the albumin 
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precipitated from it by a solution of tannin. The precipitate is 
washed and the amount of nitrogen determined. 

“The casein is calculated by difference l)etween the total pro¬ 
tein and the albumin.” 

Casein may also be determined by precipitation with acetic 
acid in the following manner; 20 c.c. of milk are diluted with 
water to 200 c.c. and enough dilute acetic acid (10 per cent.) 
added to complete precipitation. This is indicated when the 
filtrate is perfectly clear. The amount of acetic acid necessary 
for complete pre(;ipitation of the casein varies somewhat in differ¬ 
ent milks. It is tlierefore necessary to add the acid cautiously so 
as to leave no excess of acid which would rcdissolve the casein. 
It is advisable to prepare .several samples of the milk and place 
these in different flasks. To each flask is then added a different 
amount of acid, and that flask scilected for operation which shows 
a clear filtrate with the smallest amount of acetic acid. Intro- 
troduction of CX)% aids in completing precii)itation. The precip¬ 
itate is allowed to settle, is wsished repeatedly by decantation, 
and gathered on nitrogen-free filters. The nitrogen is then de¬ 
termined by the Gunning method. 

Instead of estimating the nitrogen by the Gunning method the 
acetic acid precipitate may be washed until free from lactose and 
albumin and the fat extracted with ether. Th(‘ precipitate is then 
gathered on a weighed filter, desiccated, .and weighed. 

To determine the albumin the filtrate from the casein deter¬ 
mination is boiled, the prccipitah' washed, ,and gathered on a 
weighed filter. After desiccation the filter is weighed again and 
the weight of the albumin calculated. 

Determination of Nitrogen as Caseoses, Amido-compounds, 
Peptons, and Ammonia (Van Slyke's Method).—The filtrate ob¬ 
tained after the albumin has berm removed is heated to 70° (’.; 
1 c.c. 50 pt'r cent, sulphuric acid is added, and then chemically 
pure zinc sulphate to saturation. The mixture is allowed to stand 
at 70° C. until the caseoses have separated and settled. The pre¬ 
cipitate is then cooled and washed with saturated zinc .sulphate 
solution slightly acidified with sulphuric acid and the nitrogen 
in the precipit.ate determined. 

Amido-compounds and .ammonia are (determined as follows: 
50 grams of milk are placed in a 250-c.c. graduated flask with 1 
gram sodium chlorid and a 12 per cent, solution of tannin added 
drop by drop until no more precipitate is formed. Tl^e mixture 
is then diluted to the 250 c.c. mark, shaken, and filtered. The 
nitrogen in 50 c.c. of the filtrate is determined and represents the 
nitrogen of the amido-compounds and ammonia. 

The ammonia nitrogen is determined by distilling with mag- 
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nesium oxid 100 c.c. of the filtrate from the tannin and salt solu¬ 
tion. The distillate is received in standard acid and the am¬ 
monia determined as before. The peptones arc calculated by sul>- 
traction of the ammonia nitrogen from the combined nitrogen 
from all other nitrogen compounds. 

Volumetric Methods of Esthimtiiig Cnsein in Milk.—Sineo the 
Babcock test for fat has been eminently successful in showing 
the butter maker the value of milk and cream for butter making, 
it has seemed desirable to work out a test which gives the cheese 
maker equally rcli.able information as to the 


content of casein in milk. It h.as been shown 
that the fat content of milk does not always 
bear a definite relation to the casein, so a test 
for fat is not a reliable guide for chee.se makers. 
Although the casein («nt,ent rises when the 
fat content rises the proportion of increase is 
not the same, and cheese makers have oh- * 
served that a milk rich in fat may yield less 
cheese than poor milk, other conditions being 
equal. It is true that mixed ndlk rich in fat 
yields a cheese of better quality than does 
poor milk; therefore a test for fat is of con¬ 
siderable value in estimating the suitability 
of a certain milk for cheese making. On the 
other hand, the variability in the relation of 
fat to (diee.se makes a rapid test highly d(^ 
sirable. 

Furthermore, by means of the Babcock 
test for fat the producer can raise t he average 
fat production of his herd by elimination of 
poor milk rows, and it is possible that a simi¬ 
lar increase in ca.sein content can be obtained 
if a simple quantitative test for ca.sein Ik; 
used. 



Fig. 6B.—Ciwin 
tube and ™rk siii)- 
pnrt. (Hall. t.'iB, No- 
vrriibfT, I1K)7, tliiiv. 
af Wis. Agri. Kxp. 
.St a.) 


Several tests have been devi.sed for this 
purpose. In the following two methods one given by Hart and 

one by Van Slyke and Bo.sworth are de.scribed. 

r'he Hart Centrif^ijal Test.— The principles involved m the test 


are these: , , ■ ■ 

“1 Construction of a tube whereon [lercentages of casein in 

milk are,read directly. These tubes can be i.urchased fFigs. (iO, 

6T) 

“2 Establishment of a proper voluiin' of milk to be used that 
will conform to the tulx' and scale adopted, allowing percentage 
of casein to lie read directly. 
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The Influence of Preservatives .—After a series of tests Hart 
concludes that potassium bichromate is the only preservative 
commonly used for preserving composite samples that permits an 
accurate test to be made. In these tests formaldehyd, mercuric 
chlorid, toluol, chloroform, and potassium bichromate were used. 
The readings were always too high except when potassium bi¬ 
chromate was used. After the samples had stood for more than 
three days and a half with potassium bichromate the reading line 
was ragged. 

The Sliced of the centrifuge should be 2000 revolutions per 
minute when the revolving wheel is 15 int^hes in diameter. When 
a hand centrifuge is used the author advises regulation of .speed by 
means of a metronome. 

When carefully executed the Hart centrifugal test for casein 
gives re.sults which closely approximate those obtained by the 
Association of Official Agricultural Chemists in their test for de¬ 
termining cascan. • The comparison is shown by the following 
figures: 


COMPARATIVE DETERMINATION.S OF CASEIN HY THE OFFICIAL MHTHOn AND BY THE 
NEW METHOD 


Ureetl of cow. Official melliod. 


New metlKHl. 


2 45 
31 

3 65 

2 47 
2 01 

3 12 
3 50 
1 88 

HoIaUtm t 2 ^ 

2 50 

n u i ^ 

Brown Swisi \ 2 70 

2 56 

Ayrslure { 2 61 

I 3 14 


Jersey 

Guernsey 


2 50 

3 20 
3 70 
2 60 
3 10 
3 06 
3 70 
1 88 
2 08 
2 13 
2 60 
2 65 
2 70 
2 50 

2 5.5 

3 18 


Hart'.s Titration Method for Determining Casein .—Another 
method for rapidly estimating the casein content of milk has been 
described by Hart. The test is based on the following principle: 
When casein is precipitated by acid and the acid removed by 
prolonged washing, a substance remains which has acid projier- 
tiesand displaces (T)™ from calcium carbonate to form an opales¬ 
cent solution. Lime-water or a fixed alkali* dissolves the casein 
precipitate with production of a slightly milky solution. When 
the excess of alkali in such a solution is titrated with acid and 
phenolphthalcin as indicator, some alkali remains unaccounted 
for. This fact shows that the casein precipitate neutralizes a 
definite amount of alkali. By a series of tests it was ascertained 
that 0.1 c.c. of N. one-tenth NaOH bound on the average 0.0108 
gram casein precipitate. Therefore, 10.8 grams of milk are re- 
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quired for casein estimation in order tiiat tlie percentage may te 
read directly from the buret. As milk has an average specific 
gravity of 1.03, a volume of 10.5 c.c. will weigh 10.8 grams. The 
volume of 10.5 c.c. is the basis for this methoil. 

The test is carried out as follows: “In a 200-c.c. Erlenmeycr 
flask are placed 10.5 c.c. of the milk samjile, 75 c.c. of distilled 
water at nxim temperature, and 1 to 1.5 c.c. of a 10 jx-r cent, solu¬ 
tion of acetic acid. The flask is given a vigorous rotary motion. 
Usually 1.5 c.c. of acetic acid gives a clear and fast filtering separa¬ 
tion, but occasionally, with milks low in casein, a better separation 
is effected if a little less acetic acid is used. The separated pi-e- 
cipitate is now filtered through a 9-11 cm. filler. As the casein 
accumulates on the filter there is a marked retardation of the filter¬ 
ing process. This can be made rapid again by conducting a fine 
stream of cold water against the U[)iX!r |X)int of contact of filter 
pajier and ciusein. This loosens the casein mass and accumulates 
it at the aiicx of the filter. This is all essential to proixs' working 


of the process.” 

The acid must be removed by cold water for the success of 
the test. When this is done, the casein is in a loose, easily soluble 
form. The temperature should not be alsive 20'’ U. Any casein 
particles that adhere to the glass of the flask nec'd not lx* removed, 
but the acid must be washed out of them. Washing of the pre¬ 


cipitate should 1x3 continued until 250 to 300 c.c. of the filtrate 
have accumulated and the filter has beconu' (x'rfectly clear. 

The precipitate, together with the filter paix-r, is now returned 
to the flask in which precipitation was made; 75 to 80 c.c. of 
neutral C() 2 -free water added, and then a f('w drojis of phenol- 
phthalein and 10 c.e. of N. one-tenth ix)ta.ssium hydrate solution. 
The flask is stopjiered with a mbber stopper and vigorously shaken 
either by hand or in a machine until solution is effected. 
plete solution is easily indicated, even in the pre.sence of the filter 
paper, by the disapix-arance of the white casein particles, which 
otherwise would settle to the Ixittom. After solution the stopper 
is rimsed off with neutral, UOrfree water and immediately titrated 
with N. one-tenth acid until th(‘ red color disafiixiars. It is im¬ 
perative that a blank should lx- run parallel with the entire de¬ 
termination. The bhtnk usually runs 0.2 to 0.3 acid. The cor¬ 
rection for the blank is made by addition to the numtxT of cubic 
centimeters of acid used for titration. The di 
this corrected acid reading and the 10 c c. alkali used gives 
directly the percentage of casein in the milk. 

“tompie.-Suppose it took 0.7 c.c. of N one-tenth H^SO, m 
the titration and the blank was 0.2 c.c., then the per cent, of casein 
would become 10 — 0.9 = 3.1 per cent. 
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The accuracy of the method is shown by the following table; 


COMPARISON OF RESULTS OF OFFICIAL METHOD AND HART'S VOLUMETRIC METHOD 


Kiod of milk. 

Jersey 

Guernsey 
Hobtt^in 
Ayrshire 
Brown Swim 


Official, 

Volusietric, 

xsr cent. 

per cent 

f 3 78 

3 76 

1 3 12 

3 05 

3 M . 

3.70 

2 87 

2.86 

3 22 

3.20 

I 3 K) 

2 90 

2 71 

2 76 

[2 64 

2 60 

(2 13 

2 10 

1 90 

1.86 

1 2 36 

2 36 

3 64 

3 45 

\ 2 30 

2 25 

3 39 

3 26 

2 73 

2 60 

2 37, 

2 30 

[ 2 84. 

, . 2 80 


The volumetric method of Van Slyhe and Bostvorth is given by 
Van Slyke as follows: “Into a 200-c.c. flask measure 17.5 c.c. (18 
grains) of milk, add about 80 c.c. of water, and 1 c.c. of phenol- 
phthalein solution; after which run in a solution of sodium hy- 
droxid until the mixture is neutral. Standardized aeetic acid is then 
added until the casein is completely precipitated, the volmne of the 
mixture is made up to 200 c.c. by addition of water, and the whole 
is filtered. Into 100 c.c. of the clear filtrate standardized sodium 
hydroxid solution is run until neutral. The solutions are so 
standardized that 1 c.c. is equivalent to 1 per cent, of casein in the 
milk examined. Therefore, the number of cubic centimeters of 
standard acid used divided by 2, less the amount of standard 
alkali used in the final titration, gives the percentage of casein 
in milk. The operation usually requires twelve to fifteen minutes 
when apparatus and solutions are at hand in convenient form for 
ready use; several determinations can be carried on at the same 
time to advantage. 

“The reagents needed in this test are: Sodium hydroxid solu¬ 
tion: 10 c.c. standard normal solution are diluted to 1260 c.c. 
with dustilled water. Alkali tablets cannot be used for the test. 

“Acetic acid: The acetic acid solution is diluted so that 1 c.c. 
will neutralize 1 c.c. of the sodium hydrate solution.” 

The apparatus used for the test of Vai Slyke and Bosworth 
are shown in Fig. 68. 

The milk to be tested should not be more than twenty-four 
hours old and must have teen kept cold. Sour milk cannot be 
used. If the milk cannot te tested fresh, mercuric chlorid must 
be added in the proportion of 1 :1000 to 1500. Commercial 
mercuric chlorid tablets containing coloring-matter cannot te 
used. 
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The milk sample must be neutralized exactly and excess of 
alkali avoided. The temperature of the diluted and neutralized 
milk should be 60° to 80° F. (15° to 25° C.). Knough acid must 
be added to promptly separate the casein into large flakes, leaving 



Fig. 68.—Apparatus and reagents ret|uired in the New York .Stale station 
volumetric casein test (Van Slyke). 


the supernatant fluid clear. The authors advise the use of a color 
standard by which to judge the phenolphthalein end-point, as 
this will insure consistent results. 


The Determination of Milk-sugar 

Milk-sugar may Ite detennined by means of the polariscope 
qr by its reducing power on copfter salts. The reduction of copper 
salts is measured either gravimetrically or volumetrically. The 
methods given by the Association of Official Agricultural Chem¬ 
ists are as follows: 

Optical Method ^(O&cM).—“Preparation of Reagents.—\. 
Acid mercuric nitrate. Dissolve mercury in double its weight of 
nitric acid, specific gravity 1.42, and dilute with an equal volume 
of water. One c.c. of this reagent is sufficient for the quantities 
of milk mentioned below. Larger quantities may be used without 
affecting the results of polarization. 2. Mercuric iodid with acetic 
acid. Mix 33.2 grams of potassium iodid, 13.5 grams mercuric 
chlorid, 20 c.c. glacial acetic acid, and 640 c.c. of water. 
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“Delermimtim .—The milk should be at constant temperature 
and its specific gravity determined with a delicate hydrometer. 
When greater accuracy is required, a pycnometer is used. 

“The quantities of the milk measured for polarization vary 
with the specific gravity of the milk as well as with the polari- 
scope used. The quantity to l)e measured in any ease will be 
found in the following talilc: 


Bpoctfic 

VOLUME OF MILK TO BE USED 

For polariacope of which For ixilarincopo of which 

Iho aucrofle noniial weight the sucmno normal weight 

gravity. 

IS 16 19 grams 

U 26.049 grams. 

1 024 

60 0 C.C. 

64 c.c. 

1 020 

59 

64 3 “ 

1 02H 

59 S “ 

64 15 “ 

1 (KfO 

59 '■ 

(54 0 “ 

I o;i2 

59 " 

03 “ 

} 034 

59 ,■> “ 

m K “ 

1 030 

59 35 

63 “ 


“Place the quantity of milk indicaied in the table in a flask 
graduated at 102.4 c.c. for a Laurent, or 102.(5 c.c. for a Ventzke 
polariscojje (Mohr cubic centimeter). Add 1 c.c. of mercuric 
nitrate .solution or 30 c.c. of mercuric iodid solution (an excess of 
these reagents does no harm), fill to the mark, agitate, filter through 
a dry filter, and polarize. It is not necessary to heat liefore polar¬ 
izing. In case a 200-mm. tute is used, divide the polariscojic read¬ 
ing by 3, when the sucrose normal weight for the instrument is 
16.19 grams: or by 2, when the normal weight for the instrument 
is 26.048. When a 400-mm. tube is used the.se divisors become 6 
and 4 respectively. For the calculation of the above table the 
specific rotary power of lactose is taken as 52.53°, and the corre¬ 
sponding number for sucrose 66.5°. The lactose normal weight 
to read 100° on the sugar scale for Laurent instruments is 20.496 
grams, and for Ventzke instruments 32.975 grains. In case metric 
flasks are used the weights here mentioned must be reduced to 
16.160 and 26.000 grams respectively.” 

Gravimetric Method. —Preparation of the Milk SoMion .— 
Dilute 25 c.c. of the milk with 400 c.c. of water and add 10 c.c. of 
a copper sulphate solution prepared as follows: Dissolve 34.639 
grama of CuS 04 , 5 H 2 (l in water and make up to 500 c.c. Add to 
the mixture about 7.5 c.c. of a solution of }iOH of such strength 
that one volume of it is just sufficient to completely precipitate 
the copper as hydroxid from one volume of the solution of copper 
sulphate. Instead of a solution of KOH of this strength, 8.8 c.c. 
of a half-normal solution of NaOH may be used. After the ad¬ 
dition of the alkali solution the mixture must .still have an acid 
reaction and contain copper in solution. Fill the flask to the 500 
c.c. mark, mix, and filter through a dry filter. 
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SOXHLET'S TABLE FOR THE DETERMINATION OF LACTOSE.* 


Mttli- 

(ram* 
of Cup* 
per 

Mail* 
crams 
<M Lac- 
lose 

Milii* 
cram*' 
of Cop* 
per 

Milli 

ffraniH 
oi Lac. 
lose 

MUti* 

crams 
of Cop¬ 
per 

Milli¬ 
grams 
of Lac¬ 
tose 

Milli¬ 
grams 
of Cop¬ 
per 

Milli- > 
grams 
of Lac¬ 
tose 

Milli¬ 

gram* 

oT Cop. 
per 

Mini. 

frame 

of Lae* 
torn. 

too 

71.6 

i6( 

II? 1 

321 

162.7 

381 

309. i 

341 

45*.$ 

lOI 

73.4 

162 

117.Q 

233 

'6.1.4 

382 

309.9 

342 

357.4 

103 

73* 

*93 

1 18.6 

233 

164.2 

48,1 

310 7 

343 

258.2 

»03 

73-8 

164 

119.4 

224 

164 6 

284 

3M.S 

314 

3'59.0 

104 

74.« 

165 

120.3 

235 

165.7 

285 

3«? 3 

145 

359-8 

los 

75-3 

166 

120.9 

326 

I6O.4 

286 

211 1 

346 

260.6 

io6 

76.1 

*67 

121.7 

327 

167.3 

287 

31 9 

347 

361.4 

JO? 

76.8 

168 

122.4 

228 

167-6 

288 

3'4 7 

.148 

263. ^ 

io8 

77.6 

169 

133.3 

239 

168 6 

2814 

215 5 

,U0 

26}, t 

lOQ 

7».3 

>70 

'23-9 

330 

166.4 

2«)0 

216 } 

350 

261.6 

no 

79.0 

>7* 

124.7 

3|1 

170.1 

291 

317.1 

351 

364.7 

III 

7().8 

*?» 

125.5 

333 

170.9 

393 

317.9 

353 

!<'8.S 

113 

80.5 

*73 

126.3 

3U 

171.6 

393 

21.8 7 

353 

466.J 

”3 

81.3 

*74 

137.0 

334 

173.4 

294 

219 5 

354 

267.2 

114 

82.0 

*75 

137.8 

33s 

*73-* 

395 

220. } 

355 

268.0 

1*5 

82.7 

176 

128.5 

436 

*73*9 

2q6 

321.1 

4S<> 

268 8 

116 


*77 

*29.3 

337 

174.6 

397 

221 9 

357 

269 6 

**7 

84.3 

178 

no. r 

338 

175.4 

298 

222 7 

35« 

270 4 

ii8 

85,0 

*79 

130.8 

239 

176.3 

399 

•*33 5 

359 

271 2 

IIQ 

85-7 

180 

151.6 

240 

176 Q 

300 

3«4 4 

)6o 

372.1 

J30 

86.4 

181 

*3^-4 

341 

‘77-7 

301 

225.2 

391 

272 9 

131 

87.3 

182 

*33-‘ 

243 

178 5 

303 

345-9 

363 

273 7 

132 

87.Q 

*«3 

*33-9 

243 

170 3 

303 

236. 7 

393 

371 5 

123 

88.7 

184 

*.34.7 

344 

i8o. 1 

304 

33? S 

394 

375 3 

134 

8g.4 

185 

‘ ^5 4 

245 

180.8 

305 

44.8 , 

395 

276 2 

135 

go. 1 

186 

IJO.J 

246 

i8i ,6 

306 

329 1 1 

}66 

377 1 

136 

90.0 

187 

1 M-O 

247 

183 4 

507 

229 8 1 

397 

377 9 

12? 

91.6 

188 

*37 7 

248 

l8} 2 

ioS 

3 6 ; 

}f>8 

278 8 

128 

92.4 

189 

158.5 

249 

184 0 

3«4 

211.4 

.I'x; 

276 6 

120 

93* 

190 

'3<J 3 

250 

184 8 

3'o 

2.12.2 j 

370 

2S0 5 

no 

53-8 

191 

140 0 

251 

185.5 

3'' 

233 9 

37' 

2H1 4 

•3* 

94-6 

192 

140 8 

253 

186 3 

.112 

331-7 

373 

282 2 

*32 

95-3 

>93 

141 6 

353 

1S7.1 

in 

334 5 

373 

28} i 

*33 

96.1 

1Q4 

142 ? 

254 

187.6 

3' 1 

3 <5 3 

,371 

28,19 

‘34 

96.9 

*95 

143 1 

355 

18H 7 

3*' 

2 }6 I 

375 

284 8 

*35 

97.6 

196 

14 i 9 

250 

i8(j. 1 

3''> 

2}6 8 

379 

28s 7 

‘3‘> 

98.} 

IQ7 

144 6 

357 

190 3 

3'7 

2.17 <1 

377 

2H6 5 

■J7 

gq I 

198 

>45 1 

35» 

I(H 0 

3'^ 

33«.4 

37^ 

2H7 4 

‘3^ 

9<l 8 

190 

146 3 

250 

191 8 

.1'6 

3 10 3 

370 

288 2 

136 

100 5 

200 

1 16. () 

260 

I0-’ 5 

J20 

240 0 

}8o 

289 1 

140 

101 \ 

201 

*47-7 

20I 


331 

340 7 

.(«■ 

2*6 9 

141 

102 0 

202 

148 5 

363 

104 1 

333 

241.5 

383 

2<)0 8 

142 

102.8 

30 { 

140 2 

36} 

104 0 

J33 

343 3 

.3^3 

391 7 

*43 

*03-5 

304 

1 <;o 0 

26., 

105 7 

l-’4 

343 ‘ 

384 

292 5 

144 

104.3 

205 

150 7 

265 

106 4 

335 

243 9 

.3^5 

3‘»3 4 

‘45 

105.* 

306 

«55 5 

266 

'07 3 

.^6 

244 6 

38(1 

21)4 a 

146 

105.8 

207 

152 f 

267 

108 0 

,127 

245.4 

3«7 

305 * 

‘47 

106.6 

208 

153 0 

368 

108 H 

328 

246 2 

388 

296,0 

148 

'07*3 

309 

‘53 7 


'O') 5 

339 

247-0 

,i*<) 

396 8 

149 

108.1 

310 

>54.5 

. 270 

200.3 

330 

247-7 

390 

30>.7 

150 

)o8.8 

311 

155.3 

37' 

201.1 

3i' 

448.5 

39' 

46* S 

*5' 

109.6 

312 

tcf) 0 

272 

201 .9 

333 

249.2 

393 

ago 4 

*54 

110.3 

2«3 


373 

303.7 

333 

250.0 

3<73 

300 3 

*53 

iii.i 

214 

‘57-5 

374 

303-5 

3 J 4 

250.8 

394 

301.1 

*54 

111.9 

2>5 

158.3 

275 

304.3 

335 

251.6 

395 

302.0 

*55 

113.6 

JI6 

159.0 

276 

305.1 

33 *^ 

252.5 

366 

302 8 

156 

i»3-4 

^‘7 

159 7 

277 

305.9 

337 

353-3 

397 

303 7 

•S7 

114.1 

218 

160.4 

278 

206,7 

338 

*54.1 

36 * 

304 6 

158 

114.9 

2*9 

i6j 2 

279 

307-5 

339 

* 54.9 

399 

395-4 

*59 

160 

115.6 

116.4 

230 

lOl .9 

280 

208.5 

340 

*55-7 

400 

306 3 
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DEFREN'S TABLE FOR THE DETERMINATION OF LACTOSE' 


! Milli- 

' Millt- 

Miih- 

Milli- 

Milh- 

: Milli- 

Milli- 

Milli- 

Milli- 

Milli- 


of cu* 

grains 

1 of Ctl- 

grams 

of ou- 

grains 

of cu- 

grams 

grams 
of cu- 

grams 

grams 
of cu- 

grams 

oxid. 

tose. 

Olid. 

tow. 

oxid. 

tose. 

oxid. 

tose 

oxid. 

tose. 

prit! 

oxid. 

tose. 

30 

18 8 

! 80 

50 5 

130 

82 4 

180 

114 6 

230 

147 0 

280 

179.6 

31 

19 5 

81 

51 1 

131 

83 0 

181 

115.2 

231 

147 7 

281 

180.2 

32 

20 1 

82 

51 7 

132 

83 6 

182 

115.8 

232 

148 3 

282 

180 0 

33 

20 7 

Ki 

52 4 

133 

84 2 

183 

116 5 

233 

149 0 

283 

181.6 

34 

21 4 

84 

53 0 

134 

84 D 

184 

117.1 

234 

149 6 

284 

182 2 

35 

22 0 

85 

53 6 

1:15 

85 5 

185 

117 8 

2.35 

150.3 

285 

182.9 

36 

22 6 

86 

.54 3 

i:i6 

86 1 

186 

118 4 

236 

150 9 

286 

183 6 

37 

23 .3 

! 87 

54 9 

137 

86 8 

187 

119 1 

237 

151 6 

287 

184 2 

• 3K 

23 9 

i 88 

55 5 

138 

87 4 

188 

119 7 

238 

152 2 

288 

184 9 

89 

24 5 

' 89 

56 2 

139 

88 1 

189 

120 4 

239 

152 9 

280 

185.6 

40 

25 2 

90 

56 8 

140 

88 7 

190 

121 0 

240 

153,6 

290 

186.2 

41 

25 8 

1 91 

57 4 

141 

89 3 

191 

121 7 

241 

154 2 

291 

186 0 

42 

26 4 

: 92 

58.1 

142 

90 0 

192 

122 

242 

IH 8 

292 

187 6 

43 

27 1 

i 93 

58 7 

14:1 

90 6 

19:i 

123 0 

213 

1.55,5 

293 

188 2 

44 

27 7 

I 94 

59 3 

144 

91 3 

194 

123 6 

244 

156 1 

294 

188 9 

45 

28 3 

! 05 

60 0 

145 

91 9 

195 

124 3 

245 

166 8 

295 

189 S 


29 0 

: 96 

«0 6 

146 

92 6 

190 

124 9 

246 

157 4 

296 

190 2 

47 

29 6 

; 97 

61 2 

147 

93 2 

107 

125 6 

247 

158 I 

297 

190 8 

4K 

30 2 

' 98 

61 9 

148 

93 9 

198 

126 2 

248 

158 7 

298 

191 6 

49 

30 8 

1 99 

62 5 

149 

94 5 

199 

126 9 

249 

1.59 4 

299 

192 1 

50 

61 5 

! too 

6.3.2 

1.50 

95 2 

200 

127 5 

250 

160 0 

300 

192.8 

51 

32 1 

: 101 

6:1 8 

151 

9.5 8 

201 

128 2 

2.51 

106 7 

m 

193 4 

62 

32 7 

102 

64 4 

152 

96 5 

202 

128 8 

2,52 

161 3 

302 

m 1 

6.3 

33 3 

! 103 

65 1 

15.3 

97 1 

203 

129 5 

253 

162 0 

303 

194,7 

54 

34 0 

; 104 

65 7 

154 

97 8 

204 

130 1 

254 

162 6 

.304 

195 3 

55 

34 6 

1 105 

66 3 

155 

9S 4 

205 

130 8 

25.5 

163 3 

305 


56 

35 2 

! 106 

67 0 

1.56 

99 1 

200 

VM 5 

256 

163 9 

306 


57 

35 fl 

1 107 

67 6 

157 

99 7 

207 

1.32 1 

257 

164 6 

307 

197 3 

58 

36 5 

108 

68 2 

158 

100 4 

208 

i:52 8 

258 

16.5 2 

308 


69 

37.1 

1 100 

68 9 

159 

101 0 

209 

13.3 4 

259 

105 9 

309 

198 6 

60 

37 8 

1 110 

69 5 

160 

101 7 

210 

i:m 1 

260 

166 5 

310 

199 3 

61 

38 4 

< 111 

70 1 

161 

102 3 

211 

134 7 

261 

167 2 



62 

39 0 

1 112 

70 8 

162 

103 0 

212 

135 4 

262 

167 H 

312 


63 

39 7 

' 113 

71 4 

163 

103 6 

2 i:i 

136 0 

263 

168 1 



64 

40 3 

j 114 

72 0 

164 

IM 1! 

214 

i:i6 7 

264 

169 5 

314 

202 0 

65 

40 9 

! 115 

72 7 

165 

104 9 

215 

1.37 .3 

265 

169 8 

315 


06 

41 6 

’ 116 

73 3 

166 

105 6 

216 

i:« 0 

206 

170 4 

316 


67 

42 2 

’ 117 

74 0 

167 

106 2 

217 

138 6 

207 

171 1 ' 

317 


68 

42.8 

118 

74 6 

168 

106 9 

218 

139 3 

268 

171 7 1 

318 


69 

43 5 

119 

75 2 

169 

107.5 

210 

139 9 

269 

172 4 1 

319 

205 3 

70 

44 I 

120 

75 9 

170 

108 2 

220 

140 6 

270 

173 0 j 

320 

205 9 

71 

44 7 

121 

76.6 

171 

108.8 

221 

141.2 

271 

173 7 I 

72 

45 4 

122 

77 2 

172 

109.5 

222 

141 9 

272 

174 4 ! 



73 

46 0 

. 123 

77.9 

173 

no I 

223 

142 5 

273 

175 0 i 



74 

46 6 

i 124 

78,5 

174 

no 8 

224 

143 2 

274 

175 7 ! 



75 

47 3 

I 125 

79 1 

175 

ni'4 

225 

143 8 

275 

i 

176 3 1 



76 

47 9 

! 126 

70 8 

176 

112 0 

226 

144 5 

276 

177 0 ! 



77 

48 5 

! 127 

80 4 

177 

112 6 

227 

145 1 

277 

177 6 ! 



78 

49 2 

128 

81.1 

178 

113 3 

228 

145.8 

278 

178 3 ! 



79 

49 8 

i 129 

81 7 

179 

113 9 

229 

146 4 

*279 

179 9 ' 




Prepanilion of Soxhlet’s Modification of Fehling’s Solution. —1. 
Dissolve 34.639 urams of CuSO^.SHjO in water and make up to 
500 c.c. 


Adapted from Leach. 
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2. Dissolve 178 grams of Rochelle salts and 50 grams of NaOH 
in water and make up to 500 c.c. 

3. Mix equal volumes of Nos. 1 and 2 immediately before use. 

Determination .—Mix 50 c.c. of the mixed copixjr reagent in a 

beaker and heat to the boiling-point. While Ixaling add 100 c.c. 
of the milk solution and lK)il for six minutes. Filter immediately 
through asliestos and determine the amount of copper reiluced 
by hydrogen or by an electrolytic process. Obtain the weight of 
lactose equivalent to the weight of copper found from the table on 
page 193. 

Leach prefers the method of O’Sullivan and Dcfren for the 
gravimetric deterniiiuition of lactose, and gives the following direc¬ 
tions: “25 grams of the milk sample (24.2 c.c.) are transferred to 
a 250-c.c. flask, 0.5 c.c. of a 30 ix>r cent, solution of acetic acid are 
added, and the contents well shaken. After standing for a few 
minutes about Ilk) c.c. of boiling water are run in, the contents 
again shaken, 25 c.e. of alumina cream are next added, the flask 
shaken once more, and set aside for at least ten minutes. The 
supernatant li(|uid is then poumi upon a previously moistened 
ribbed filter, and finally the whole contents of the flask are brought 
thereon, and the filtrate and washings made up to 250 e.c. The 
filtrate must bo iierfectly clear. The milk-sugar in a solution thus 
prepared would ordinarily riot exceed 0.5 fo 1 per cent. 

“Twenty-five c.c. of the milk-sugar solution are added to a hot 
mixture of 15 c.c. each of Fehling's copper and alkali solution and 
50 c.e. of water. The cuiuic oxid is filtered off and weighed. Ry 
multiplying the weight with 0.0024 the amount of anhydrous milk- 
sugar is obtained.” For more accurate results the table on page 
194 shoidd be used. 

Volumetric Method.—“ Twenty c.c. of raw milk are diluted 
with water to a volume of 4(K) c.c. and a few drops of a 10 per cent, 
solution of acetic acid added. The amount of acetic acid may vary 
Ijetween 8 and 10 droiis. After the precij)itatc has settled, it is 
filtered off and washed with cold water. The filtrate is boiled in a 
fla.sk and the albumin precipitated. This is filteretl off also and 
the precipitate washed with cold water. The filtrates and wash 
water are mixed and measured accurately. A portion of the 
filtrate is placed in a buret, and this run into a Ixiiling mixture of 
20 c.e. Fehling’s solution and 80 c.c. water. After the copper 
has been completely precipitated the nuinlx^r of cubic centimeters 
used is read. Twenty c.c. Fehling’s .solution correspond to 0.135 
gram milk-sugar. 

The milk-sugar solution prepared for the O’Sullivan and ■ 
Defren method, or the solution from the casein and albumin de- 
tennination given on p. 184 can be used for titration. To facili- 
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DEFREN'S TABLE FOR THE DETERMINATION OF LACTOSE' 


! Milli- 

' Millt- 

Miih- 

Milli- 

Milh- 

: Milli- 

Milli- 

Milli- 

Milli- 

Milli- 


of cu* 

grains 

1 of Ctl- 

grams 

of ou- 

grains 

of cu- 

grams 

grams 
of cu- 

grams 

grams 
of cu- 

grams 

oxid. 

tose. 

Olid. 

tow. 

oxid. 

tose. 

oxid. 

tose 

oxid. 

tose. 

prit! 

oxid. 

tose. 

30 

18 8 

! 80 

50 5 

130 

82 4 

180 

114 6 

230 

147 0 

280 

179.6 

31 

19 5 

81 

51 1 

131 

83 0 

181 

115.2 

231 

147 7 

281 

180.2 

32 

20 1 

82 

51 7 

132 

83 6 

182 

115.8 

232 

148 3 
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180 0 

33 

20 7 

Ki 
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149 0 
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34 
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84 

53 0 
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117.1 
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149 6 

284 
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35 

22 0 

85 
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285 

182.9 

36 

22 6 

86 
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118 4 
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150 9 
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37 
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185.6 

40 

25 2 

90 

56 8 
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144 
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123 6 

244 

156 1 

294 

188 9 

45 

28 3 
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245 
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295 
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«0 6 

146 
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47 

29 6 
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50 
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m 
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60 
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199 3 
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161 
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68 
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268 
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69 

43 5 
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210 

139 9 
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70 

44 I 

120 

75 9 

170 
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220 

140 6 
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320 

205 9 

71 

44 7 
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108.8 
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141.2 
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72 

45 4 

122 
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222 
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73 
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74 
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i 
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77 
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78 

49 2 
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278 

178 3 ! 



79 

49 8 
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Prepanilion of Soxhlet’s Modification of Fehling’s Solution. —1. 
Dissolve 34.639 urams of CuSO^.SHjO in water and make up to 
500 c.c. 


Adapted from Leach. 
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haps to dissolved carbon dioxid gas. The amount of Ixiund acid 
thus found is usually from 0.07 to 0.1 per cent., expressed in 
lactic acid. To litmus paper fresh milk reacts amphoteric by 
turning blue paper red and red pafier slightly blue. 

Within a short time after milking the acidity increases per¬ 
ceptibly, due to bacterial activity. The increase during the 
first few houis is u.sually slow, but soon becomes more marked. 
The degree of bacterial contamination and the temperature at 
which the milk is kept are the chief factors influencing acid fonna- 
tion. Therefore the amount of acid deiaaids in a measure on the 
cleanliness of production and the temi)erature at which milk is 
kept. For this reason the determination of acid in milk is often 
an important factor in judging the quality of milk. 

Furthermore, tests for acidity are of value to the butter and 
cheese makers, whose products are largely influenced by the 
amount of acad present in cream and milk. According to the 
richness of cream an acidity of 0.5 to 0.7 per rt'nt. is most con¬ 
ductive to yield butter of good quality. 

Acidity in milk can be measured by several methods which 
depend uixni neutralizing the acid with solutions of sodium hy¬ 
drate, the neutral point being indicated by the use of phenol- 
jihthalein. Soxhlet mixed 2 c.c. of a 2 per cent, alcoholic solution 
of phenolphthalein with .50 c.c. of milk and titrated this mixture 
with on(>-fourth normal sodium hydrate solution. The number of 
cubic centimeters of the one-fourth normal sodium hydrate solu¬ 
tion nece.ssar>’ to cause the first pennanent jiink color to appear, 
multiplied by 2, were recorded as degrees of acidity. In this 
country the most popular tests are those of Manns, \'an Nonnan, 
Publow, Marshall, and Farrington. 

Manns’ Test.—The “neutralizer” used in Manns’ test is a 0.1 
normal sodium hydrate .solution and the indicator is |)repare.d by 
dissolving 10 grams phenolphthalein in IKK) c.c. 90 per cent, alcohol. 
The milk is measured in a ,50-c.c. pipel. The neutralizer is slowly 
discharged from a buret into the milk containing a few drops of the 
indicator. The result is expressed in per cent, lactic acid and is 
obtained by multiplying tin; number of cubic centimeters of the 
neutralizer used by 0.00!), dividing the result by the numlier of 
cubic centimeters of ^le sample, and then multiplying this result 
by 100. When .50 c.c. milk arc used the number of cubic centi¬ 
meters of neutralizer used is multiplied by 0.018 (Fig. 09). 

Van Norman’s Test.—The milk is measured in a 17.6-c.c. 
pipet, placed in a cup, a few drops of phenolphthalein solution 
added, and the mixture titrated with 0.02 normal sodium hydrate 
solution. Each cubic (entimeter of the sodium hydrate solution 
corresponds to 0.01 per cent. acid. 
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Publow’s Method. —9 grams of milk with addition of a few 
drops phenolphthalein solution are titrated with 0.1 normal so¬ 
dium hydrate solution. Each cubic centimeter of the sodium hy¬ 
drate solution neutralizes 0.1 per cent. acid. 

Marshall’s Test.— According to this method 9 grams of milk 
are titrated with 0.1 normal sodium hydrate solution, the same as 
in the previous test. The alkaline solution is contained in a bottle 
with a buret and pressure bulb attached (Fig. 70). The buret has 
graduations of 0.2, and the alkali is furnished in dry form so that 



Fig. 09.—Apparatus used in Manns’ 
test (Farrington and Well). 



the contents of one package by addition of water make 1000 o.c. 
0.1 normal sodium hydrate solution. 

Farrington’s Alkali Tablet Method. —TJjis method lifts found 
p'cat favor liecause of its simplicity, enabling those inexperienced 
in chemical work to make the test accurately. Each tablet con¬ 
tains enough alkali to neutralize 0.035 gram lactic acid, and a 
small amount of phenolphthalein is incorporated. If five tablets 
are dissolved in enough water to make the solution measure 85 c.c. 
each cubic centimeter of the solution used in neutralization repre¬ 
sents 0.01 per cent, acid when 20 c.c. of milk are used. When 
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17.5 c.c. of milk are used the solution is made up by dissolving 
five tablets in 97 c.c. of water. This is equal to a 0.02 noraial 
alkali solution, and each cubic centimeter of the solution repre¬ 
sents 0.01 per cent, of acid when 17.5 c.c. of milk are used 
(Fig. 71). 

Spillman’s Modification of Farrington’s Test.—Five tablets 
are dissolved in “Spillman’s acid test cylinder’’ (Fig. 72) filled 
with water to the 8 mark. The .solution is placeil in a well-closed 
container (fruit jar). In a cup is placed 17.0 c.c. of the milk to la; 
tested and the tablet solution added until the pink color i.s {lerma- 



Pipet <&a|9 

Sjrlmder Gjlmdef 

Fig. 71.—Apparatus used for determining the acidity of cream or milk (Far- 
nngton and Woll). 


nent. The contents of the cup are then poured into the Spillman 
cylinder and the mark at the surface noted. The figure expresses 
the acid in tenths per cent. 

The acidity of milk is fretpiently expressed in degrees. Unfor¬ 
tunately, there is no general agreement as to a standard degree. 
Soxhlet’s degrees represent the number of cubic centimeters of 
one-fourth normal sodium hydrate solution necessary to neutralize 
100 c.c. of milk. Others take the nuralier of cubic centimeters of 
one-tenth normal solution required to neutralize 25 or 50 c.c. of 
milk. Uniformity of expression is best accomplished, perhaps, by 
using lactic acid as a liasis. This is obtained by multiplying the 
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number of cubic centimeters of normal alkali used for neutraliza¬ 
tion of 100 c.c. of milk by 0.009. 

Titration of milk for acid content by means of accurate chem¬ 
ical methods is accompanied by some sources of error. Some 
chemists recommend diluting the milk with water to facilitate 
recognition of the end-point. However, an error is introduced by 
the addition of water, because alkaline phos¬ 
phates are more easily soluble in diluted than 
in normal milk. On the other hand, if milk is 
titrated undiluted, the end-point of phenolph- 
tlialein is not as sharp as in diluted milk and the 
acid may be overestimated. By heating milk 
some of the acid pho8phate.s are precipitated 
and the carbon dioxid ga.s is lost, with the result 
that lower figures are obtained than when raw 

milk is titrated. 

• 

The Milk Sediment Test 

A test for visilile dirt or sediment in milk is 
valuable in giving a general idea of the methods 
man’s aerd-trat "> the production of the milk. Dirt 

cylinder (Van is a carrier of bacteria and, therefore, should be 
kept out of milk as far as possible. Aside from 
the possibility of introducing di.sea.se germs with 
dirt., the flavor of milk and milk products is materially depreci¬ 
ated by its presence. 

The insoluble matter which settles to the bottom in bottles or 
which is shown to be present by filtration of milk does not repre¬ 
sent the whole amount of dirt actually present, to be sure. A por¬ 
tion of the dirt goes into solution and escapes detection. There¬ 
fore any test for visible dirt has no claim to scientific accuracy. 
This is further emphasized by the variability in the amount of 
soluble material contained in the polluting material. Cow manure 
is unquestionably the most important factor in furnishing the 
dirt that enters milk, although cow hairs and particles from food 
and liedding are liable to be present. Consequently there will 
be relatively more insoluble dirt, in the milk when cows are stabled 
and live largely on stored fodder than in spring and summer, 
when succulent fodder is abundant. The feces, as a rule, are 
softer in summer than in winter and contain more soluble material. 

Any quantitative determination of insoluble dirt in milk is 
not absolute, but only relative. However, practice has shown 
that much can be accomplished by a regular test for milk sediment. 
Dealers and butter and cheese makers have used a sediment test 
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with advantage to improve the product of their patrons. In thC 
opinion of some practical men the sediment test has done more 
for cleanly milk production than any other single factor. The 
dealer makes the test and records the results on a pledget of cot¬ 
ton fastened to a card (Fig. 73). This is given to the iiatron, 



Kig. 73.—Sediment card, ((tirenlar if Information No. tl, September, l(tI2, 
I'niv. of Wia. .Agri. K\p. Sta.) 

who then actually sees the dirt which has Iteen filtered out of his 
milk, and a rivalry among producers ks slarUtd which ultimately 
leads to a greatly improved milk-supply. 

Reiss and Sommerfeld give the following average amounts of 
visible dirt found in the milk-sup|)lies of some Kuroiwan cities: 

AMOI NT or UIHT IN MILK IN SOMK ECROPEAN CITIES 


Berlin 10 0 mKrH per liter Hflmnfoni 1 70 mgr#, pear liter. 

(‘hrwluuJia II 0 . lAeijam " “ 

Halle 14 . Munich WO “ " 

HaiuburK 13 5 .. 


The writer, in an investigation of Chicago milk, found that 
the average amount of dirt in 108 samples of raw milk was 2.2 
mgrs. per liter, and in 107 samples of pasteurized milk, 1.4 mgrs. 
per liter. The amount in raw milk never exceeded 0 mgrs., and 
in pasteurized milk (imgrs., [ler liter. 

It should lie rememViered in this connection that the intro¬ 
duction of eentrifugal clarifiers has in large measure reduced the 
amount of visible dirt in market milk. 

Rough tests of the ()uantity of milk sediment can lie made by 
allowing the milk to stand for several hours in a conical glass vessel 
so that the dirt accumulates in the apex; or by centrifuging a 
small amount of the milk in a tube with a conical bottom. 
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Several methods which permit the quantity of dirt to be meas¬ 
ured with some degree of accuracy have been introduced. Renk’s 



Fig. 74.—Milk sediment test. (Circular of Information No. 41, Univ. of Wis. 
Agri. Ex|). Sta.) 


method is this: Allow the dirt of 1 liter of milk to settle, decant 
the milk; wash the sediment by decantation, and collect it on a 



Fig. 76.—Sediment in 1 pint of market milk. (Circular of Information No. 
41, Univ. of Wis. Agri. Exp. Sta.) 

filter. Then wash the residue on the filter with alcohol and ether, 
desiccate, and weigh. 

The method of Renk was modified by Stutzer in the follow¬ 
ing manner: A liter of milk is filled in a bottle which is connected 






PHYSICAL AND CHEMICAL EXAMINATION OF MILK 203 


with a strong test-tube by means of a rubber hose. The bottle 
is inverted and kept in this position for several hours. The dirt 
collects in the tube, which can lie removed after closing the rublier 
hose with a pinch-cock. The dirt in the tulie is then treated as 
described above. 

Gerber used a 500-c.r. flask without a bottom, and connected 
the neck by means of a rubber hose with a glass fulie having a 
narrow graduated end. By this proce.s.s tlie dirt collects in the 
graduated portion of the glass tulx' and can Ih' measured. 

Fliegel introduced a new le.st, based on princiiilea different from 
those of previous ones. The apparatus consists of a cylindric 



FiR. 70.—Sediment in 1 pint of milk nt the farm. (Wiseonsin Circular No. 41.) 

vessel which rests on a piece of wire gauze cover(“d with a layer of 
absorlient cotton: the wire gauze, in turn, rests on a Ixiaker or 
similar vessel. The milk is poured into the cylinder and filtered 
through the cotton ,«leaving the insoluble dirt on the cotton in 
spots lielow the holes of the cylinder. Comparative estimations 
of the quantity of insoluble dirt can be made by this method and 
the results preserved for future reference. 

A practical apparatus for estimating suspended dirt in milk, 
the Lorenz sediment tester, has lieen devised by Babcock and 
Farrington (Fig. 74). The milk is filtered through a small pledget 
of absorbent cotton and the cotton pasted on a clean piece of 
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method is this: Allow the dirt of 1 liter of milk to settle, decant 
the milk; wash the sediment by decantation, and collect it on a 
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filter. Then wash the residue on the filter with alcohol and ether, 
desiccate, and weigh. 

The method of Renk was modified by Stutzer in the follow¬ 
ing manner: A liter of milk is filled in a bottle which is connected 
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standards are prepared as follows: One gram of pulveriised cow 
manure is suspended in a liter of filtered or distilled water and 



Fig. 7S.—Si'dimont in milk boforc and after separating. The left column 
shows sediment from a pint sam])l(- of whole milk. The center shows that 
there is no st'diment in newly separated cream from the same milk, and the 
right shows th<' test for the skimmed milk. This tot \^as made at the fac¬ 
tory. (Wisconsin Cinmlar No. 41.) 

definite quantities of this suspension passed through the cotton 
pledgets St) as to leave the following amounts of cow manure: f 
milligram, 1 mgr., 2 nigrs., and so on to 10 mgrs. 



Fig. 79.—Open-top pails catch dirt. The larger the open top, the more 
dirt it catches. (Wisconsin Circular No. 41.) 

A simple apparatus for testing the sediment in milk has been 
devised by Tonney. A Gooch crucible is fastened in the mouth 






Fig. 80.—Gooclkfiltering apparatus, showing also unassembled parts, e. g., 
porcelain Gooch crucible, with perforated sieve bottom, glass Gooch funnel, 
ind pressure tubing leading to Chapman pump. (Tonney, Amer. Jour, of 
Public Health. 1912, vol. 2, p. 280.) 



Tig. 81.—A simple aid to sediment testing. This convenirait method 
of fastening the sediment tester by means of a telephone bracket is a handy 
saver. (BuH. 241, July, 1914, Univ. of Wis. A(^. Exp. Sta.) 





of a flask provided with a side tube in. such manner that there can 
be no suction through the neck of the bottle. The pledget oi 
cotton is placed on the bottom of the crucible and moistened with 
a few drops of water or milk to prevent slipping of the cotton. 
The milk is then poured into the crucible and filtered through the 
cotton. As the cotton soon clogs with fat, filtration is aided by 
suction through the side arm of the flask (Fig. 80). 

A convenient arrangement' for making sediment tests is illus¬ 
trated in Fig. 81. The apparatus is held by a telephone bracket, 
and can be moved back and forth as desired. 

Test for Viscosity 

The viscosity of milk can be measured by two simple meth¬ 
ods. One of these consists in allowing a definite amount of 
water to run from a pipet, and noting the time required to com¬ 
pletely discharge the amount. Then the same^ amount of milk 
is discharged from the same pipet, and the time required for com¬ 
plete discharge compared with the time required by the water. 
The second method consists in allowing a few drops of the milk or 
cream to run down an inclined piece of glass, and measuring the 
distance covered in a definite length of time. The following 
table, which gives the variation of viscosity according to tem¬ 
perature, may serve as standard: 

RELATION OF VISCOSITY OF MILK AND TEMPERATURE (REISCH.AUER) 
Temperature. Time r»]uircd if water is 100. 

0* C.. .. . 221 

5“C.. .. 208 

10*0. 191 

15*C.. . . .. ... 189 

25*0. ... 176 

30* C. 169 


Testing Milk by Rennet 

The cheese maker is interested to know the exact degree of 
ripeness at^^hich to add rennet extract to the milk. The tests 
designed t<f serve this purpose are based on the speed of rennet 
action. Two tests are in practice, namely, the Monrad and the 
Marsbhall tests. 

The Monrad Test.—Five c.c. of rennet extract of known 
strength are placed in a 50-c.c. flask and the remains of the rennet 
in the pipet washed with water into the same flask. The rennet is 
then diluted with water to 50 c.c. and the contents mixed by shak¬ 
ing. A graduated cylinder is filled to the 160 c.c. mark with the 
milk to be tested and this is then emptied into an open vessel. 
The temperature of the milk should be 30® C. (80° to 86° F.). 
To the inilk are then added 5 c.c. of the diluted rennet extract 
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and the mixture is stirred with a thermometer. The time elaps¬ 
ing between addition of the rennet extract and coagulation of the 
milk is noted accurately. By floating a few dark particles on the 
surface of the milk and setting the milk in motion with the ther¬ 
mometer, the exact moment when coagulation takes place can be 
sharply noted by the arrested motion of the particles. For Cheddar 
cheese making coagulation should be' complete in thirty to sixty 
seconds. 

The Marschall Test.—One c.c. of rennet extract is measured 
into an ounce bottle, previously half filled with water. The 
pipet is rinsed by drawing up the water two or three times. The 
milk is placed in a cup of pint capacity which has graduated spaces 
from 0 at the top to 7 at the bottom. In the bottom is fastened a 
metal tube of small bore. The milk will flow through the tube, 
and as soon as the surface has reached the 0 mark the rennet will 
quickly mix with it. As long as the milk is liquid it will continue 
to flow through the tube. Wien coagulated the amount of milk 
that has escaped will be indicated by the graduated scale. When 
two and one-half spaces are uncovered the milk will be in suitable 
condition for cheese making. 

Hastings and Evans think that the rennet test is superior to the 
acid test for determining the ripeness for Cheddar cheese making. 

The age of milk can also be determined in a rough manner by 
a rennet test, because milk coagulates more rapidly in propor¬ 
tion to the increase in the amount of acid present. 

Commercial pepsin is used to some extent in place of rennet 
extract. This can be used for the tests described if 5 grams of so- 
called 1 :3000 pepsin are dissolved in 120 c.c. of water. This solu¬ 
tion can be used like rennet extract. 

The Alcohol Test 

The alcohol test for acidity is used to some extent abroad, but 
has not found much favor in this country. Normal fresh milk 
should not coagulate when mixed with an equal amount of 68 
per cent, alcohol. If curdling takes place with this amount of 
alcohol, the acidity is assumed to be about 0.25 per cent, expressed 
as lactic acid. Ayers and Johnson have foijpd that the test is not 
as reliable as has been believed. Milk may curdle when mixed 
with alcohol even when the acidity is low, as other conditions may 
produce coagulation of the casein. A positive test with an equal 
volume of 68 per cent, alcohol means something abnormal in tJie 
milk, and the cow producing such milk should be examined. The 
test may also be positive when rennet-producing bacteria are 
present. The coagulatbn may, therefore, be the result of the 
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presence of acid, rennet, or both. Ayers and Johnson could find 
no rdation between a positive alcohol test and any of the foDow- 
ing conditions: 

1. Large numbers of bacteria. 

2. Large numbers of streptococci. 

3. Large numbers of cellular elements. 

4. Large numbers of cellular elements and streptococci com¬ 
bined. 

They suggest that the alizarin test may give more valuable 
information. This test is made as follows: 1.2 grams of fresh ali¬ 
zarin, or 0.4 gram dry alizarin, are dissolved in 1000 c.c. of 68 
per cent, alcohol. Two c.c. of this solution are mixed with 2 c.c. 
of the milk to be tested. The condition of the milk is judged by 
the color developed, as alizarin is very sensitive to acids. Ayers 
and Johnson give the following table as a result of their tests 
with alizarin-alcohol solutions: 

REACTION OF MILK WITH ALCOHOUC SOLUTION OF ALIZARIN 


Amount of N. 0.1 lacUc acid added to 50 c.c. of milk. 

Acidity. 

Color with aliiarin 
solution. 

Normal milk ..... 

1 85 

lilac red 

2 C.C.. 

2 10 

Pale red 

4 C.C.. 

2 42 

Brownish red 


2 73 

M •€ 

8 C.C. . 

3 00 

M !• 

1.5 e. 0 . normal acid . 

6 15 



Van Slyke states that when equal parts of fresh normal milk 
and alcohol (spec. grav. 0.89) are mixed, there is no change, but 
that when old milk or milk from diseased udders is used, there is 
more or less coagulation of casein. The author states further that 
there is no close relation between the alcohol test and real acidity 
of milk, though 'milk containing more than 0.21 per cent, of acid 
commonly gives a marked precipitation. 

In regard to the alizarol test, Van Slyke adds that when 2 c.c. 
of the alizarol solution are mixed with an equal volume of milk, an 
intense reddish color develops similar to that of lilac or red clover 
blossoms. Morres gives the following color reactions accord¬ 
ing to the amount of acid in milk: 


COLOR REACTIONS IN MILK WITH AUZAROL SOLUTION 
Aei^ty of milk. . Coiw reaction. 

0 16 (fn^. Dormal) .. .*. Ulac red 

0 18.Pale red 

0.20. Browniah red 

0.22. Reddiah brown 

0.26.Brown 

0.27.Yellowiah brown 

0.81.. BrownWiyellow 

0.36 and over. Yellow 


On the wholer it would seem that neither the alcohol test nor 
the alizarin modification are of much practical value, 
u 














210 


MIUC 


AI/BUMin Test fob Heated Milk 

When milk is heated to 65.6° C. albumin begins to be coagu¬ 
lated. At this temperature the amount is small, but at higher 
temperature the amount of coagulated albumin is considerable. 
If the casein is precipitated by acetic acid and the clear filtrate 
boiled, albumin is precipitated. In the boiled filtrate from milk 
■heated above 65.6° C. the amount of precipitated albumin is less 
than in that from raw milk. If the milk has been heated to 
much higher temperatures the albumin is completely coagulated, 
and therefore the filtrate from the acetic acid precipitate yields 
no precipitate after boiling. 

Chemical Tests to Distinguish Human Milk from Cow’s Milk 

1. Human milk mixed with ammonia and kept at room tem¬ 
perature turns reddish violet; the larger the amount of ammonia 
added, the more "intense the color. Cow’s milk produces no such 
color with ammonia. 

2. When equal amounts of human milk and a 1 per cent, solu¬ 
tion of silver nitrate are heated to boiling a brown color develops 
which has a touch of violet in it. Cow’s milk with silver nitrate 
solution develops no color or, at best, a very faint one. 

3. A 1 per cent, solution of neutral red in physiologic salt 
solution produces a red color in cow’s milk and a yellow color in 
human milk. A few drops of the solution added to several cubic 
centimeters of milk will produce this reaction. 

Fermentation Tests 

Fermentation tests are designed to enable the cheese maker 
to judge the condition of the milk that is to be used for cheese 
making. Undesirable bacteria sometimes are present in large 
numbers, and their early detection may prevent financial loss. 
When the curd is abnormal it becomes expedient to trace the 
trouble to its origin. It may be that a single cow in the herd is 
responsible for a contaminated milk. By testing the milk from 
each cow the real source of the abnormal milk can be found, and 
the milk can be excluded until it appears to be normal again. 

In countries where cheese is m^e on large scale, Switzer¬ 
land for example, tests for the purpose of detecting abnormal curds 
have been practised for some time. These tests consist in curdling 
a eanall portion of milk and examining the curds. The test known 
as the Wisconsin curd test was worked out in the Wisconsin Agri¬ 
cultural Experiment Station, and is carried out as follows: Pint 
jars provided with covers are sterilized in live steam and filled 
to two-thirds their capacity with the milk samples to be tested. 
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They are then immersed in water at a temperature of 38° to 39° C. 
(100° to 102° F.). By giving the jars an occasional rotary motion 
the temperature soon rises, and when the thermometer shows that 
the milk has reached 37° C. (98° F.) 10 drops of rennet extract 
are added to each jar. The thermometer used to determine the 
temperature of the milk must be scalded for each jar so as to avoid 
infecting one sample of milk from another. After the milk has 
coagulated it is allowed to stand for about twenty minutes. The 
curd is now firm, and is cut with a knife, which must be sterilized 
for each jar. The whey is liberated and the curd settles rapidly. 
The sample is then tested with the senses and the whey poured off. 
Additional whey that separates within the succeeding six to twelve 
hours is poured off at intervals. Finally, after the last whey has 
been removed, the curd is tested. It is cut into pieces and, if 
normal, should be firm and free from holes. A spongy consistency 
indicates, activity of gas-producing organisms, chiefly of the 
Bacillus coli and B. aerogenes type. When gas fe formed the curd 
is filled with small holes, “pin-holes,’' and forms the so-called 
“floating” or “gassy” curd. The odor of the curd may betray the 
presence of undesirable organisms which, while they do not pro-- 
duee gas, may impart an unpleasant flavor to the cheese. 

Gerber’s fermentation test was designed for a purpose similar 
to that of the Wisconsin curd test. For making this test the 
milk is placed in tubes, heated for six hours at 40° to 41° C. (104°- 
106° F.), and then the taste, odor, and general appearance ob- 
observed. The milk is again heated for six hours at the same 
temperature. If it coagulates during the second heating period, 
it is considered abnormal. 
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ADULTERATIONS OF MILK 


Although adulterations and preservatives are no longer com¬ 
monly used, they are still a source of temptation to some. Fraud¬ 
ulent intent and the pressure of legislation sometimes induce 
producers to take refuge in adulterating their product and in 
using preservatives so as to prolong the salable character of the 
milk. The addition of chalk, calves’ brains, starch, glycerin, and 
similar substances, for the purpose of restoring solids and vis¬ 
cosity when the milk has been tampered with, need no considera¬ 
tion. Their application has never been common and is largely 
mythical, but skimming of milk is probably still practised and 
the addition of water or skimmed milk not uncommon. Tests 
for such adulterations are, therefore, imperative. However, 
there is some difficulty experienced in determining fair and re¬ 
liable standards which give a clear definition of what normal milk 
ought to be. The fat content, as has been shown, is variable ac¬ 
cording to the breed of cows from which the mUk is obtained 
and according to a number of other conditions which have been 
discussed in detail in a former chapter. Furthermore, the milk 
of some breeds naturally contains less fat than 3 per cent., which is 
the lowest legal limit usually permitted in this country. On the 
other hand, the milk of some breeds contains more fat than legally 
required, and there is the temptation to remove some of the cream 
from such rich milk, as long as the remaining product averages well 
within legal limits. 

After the milk has been skimmed or watered, thickening agents 
and coloring-matter are sometimes added in an attempt to re¬ 
store at least the appearance and consistency of the milk. How¬ 
ever, the composition is permanently altered by this addition. 

The adulterations of milk which have been detected may be 
treated under the following heads: 

1. Reduction of fat by 

(a) Addition of water. 

(b) Skimmihg of milk. 

(c) Both watering and skimming. 

2. Addition of thickening agents to restore consistency, vis¬ 
cosity, and solids. 

3. Addition of coloring-matter to restore color lost by skim¬ 
ming or diluting, or to make naturally poor milk appear rich. 

4. Addition of preservatives. 

21S 
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Detection of Watebed Milk, Skimmed Milk, ob Both 
Watbeed and Skimmed Milk 

The addition of water involves dilution of the product and the 
danger of introducing germs with polluted water. It is conceiv¬ 
able, and actually has happened, that water containing pathogenic 
bacteria has been added to the milk qr has been used for washing 
utensils which held milk. The addition of skimmed milk is of 
relatively small sanitary importance, but it cheapens the product. 

When skimmed, milk has a higher specific gravity, and when 
diluted with water the normal specific gravity is restored. The 
solids, however, are reduced, and by determining the solids the 
condition of tampered milk is revealed. The specific gravity 
increases about 0.001 for each per cent, of fat removed, and de¬ 
creases 0.003 for each 10 per cent, of water added. Each 10 per 
cent, of water reduces the solids about 1.2 per cent., as shown in 
the following table (Sommerfeld): 

THE REDUCTION OF TOTAL SOLIDS WITH ADDITION OF WATER 


Per cest. water added 0 10 20 30 40 50 

Per cent, solida . 12.0 10.8 9 6 8.4 7.2 6 0 

Per cent, water. 88.0 89.2 90 4 91 6 92.8 94.0 


The addition of water also raises the freezing-point, lowers the 
index of refraction, apd reduces the viscosity. 

Skimmed milk is sometimes added to whole milk to increase 
the producer’s profits. The chief difference between milk that 
has been watered and milk that has been skimmed or milk to which 
skimmed milk has been added is that in the first instance the 
relation of milk constituents remains the same, while in the other 
cases the proportion of the constituents is seriously disturbed. 
But while skimmed milk or milk diluted with skinuned milk re¬ 
tains the solids in approximately their natmal proportion with 
the exception of the fat, watered milk contains the solids in re¬ 
duced quantity. Van Slyke gives the following formula for cal¬ 
culating the amount of fat in milk mixed with skimmed milk: 

■p y 1 nA 

Per cent, of fat removed = 100 — —^— 

F. represents the percentage of fat determined in the suspected 
milk and the divisor 3 means that the original milk contained 
3 per cent. fat. Since whole milk usually contains a greater 
amount of fat than 3 per cent., the above formula gives results 
more or less below the real amount of fat removed. 

Watering of milk can be detected by various methods. If 
but small amounts of water are added, its presence may escape 
discovery, and any quantity of water below 10 per cent, may be 
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added without serious danger of detection. If larger amounts of 
water are added, comparison of the specific gravity, total solids, 
and plasma solids of the suspected milk with the same factors in 
normal milk will usually lead to detection. The specific gravity 
of the solids also aids in revealing the shortage in cream, inas¬ 
much as the solids of whole milk have a lower specific gravity 
than the solids of skimmed milk, owing to the smaller amount 
of fat in the latter. Milk has l^n watered when the specific 
gravity is below the normal, when the percentage of plasma solids is 
low, and the specific gravity of the milk solids 1.25 to 1.35. Milk 
has been skimmed when the specific gravity of both the milk 
and the total solids is high, the percentage of fat low, and the 
percentage of plasma solids high. Milk has been both watered 
and skimmed when the percentage of fat is low, the specific 
gravity of the total solids normal or above normal, and the specific 
gravity of the milk either normal or not. 

The lowest percentage of plasma solids permissible has been 
legally determined in many states and cities. On the basis of 
such limits. Van Slyke has given formulas for estimating the 
quantity of water added. However, it should be observed that, 
since legal standards represent the minimum, the results obtained 
by these fonnulas are usually too low. The formulas depend 
upon the well-known relation of specific gravity, fat, and solids. 
After the percentage of fat and the specific gravity of the sus¬ 
pected milk have been determined, the plasma solids are cal¬ 
culated and the amount of water estimated according to the 
formula: 


Per cent, of added water = 100 


Per cent, of plaama solids X 100 
Legal standard for plasma solids 


The following formula may also be used: 

^ . . Lactometer reading -|- per cent, fat_ 

Per cent, of added water = 100 —- 36 ^ ^ 


Herz gives the following formulas for estimating the amount 
of water added, the amount of fat removed by skimming, or both, 
if both conditions exist: 

• Addition of Water 

The amount of added water contained in 100 parts ^ 100 (r, — ri) 


ri 


100 (ri — ri) 


of watered milk 

The amount of water added to the undiluted milk 

r> 

Skimmed Milk 

The amount of fat removed from the milk = — fj + ^ 
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Both Skimrtted and Waiered 
The amount of fat removed from the milk =» 

100 

In these formulas the letters stand for: 
r = plasma solids, 
f = fat content. 

M = the amount of whole milk contained in 100 parts watered 
milk. 

fi = the per cent, of the normal (barn) milk, 
fj = the per cent, of fat in the suspected milk. 
ri = the per cent, plasma solids in the normal (barn) milk, 
rj = the per cent, plasma solids in the suspected milk. 

The index of oxidation of milk has been recommended by 
Commanducci as a check upon watering milk. A one-tenth nor¬ 
mal potassium permanganate solution in acid is placed in a buret 
and discharged into 1 c.c. of milk. The number of cubic centi¬ 
meters required to complete the reaction is the index of oxidation, 
which is uniform for milk from the same species. The index 
decreases when the milk has been watered, skimmed, or both 
watered and skimmed. The normal figures as given by the 
author are these: Cow, 50752; goat, 44—46; sheep, 43-48; ass, 
55-58; human, 53-60. 

The lactoscope (Fig. 82) is an instrument designed to esti¬ 
mate the amount of fat in milk, although the values obtained are 
only approximate. A white glass cylinder with black lines is 
fitted by means of a stopper into a larger glass of cylindric shape, 
constricted below and having an aperture at the top. Four c.c. 
of the milk are measured accurately and placed in the large 
glass cylinder. Enough water is added to permit the black lines 
of the small cylinder to appear clearly. The line on a level with 
the surface of the liquid indicates the amount of fat. This 
instrument gives only the amount of fat without taking into 
account the amount of other solids. Therefore a rich milk might 
be diluted and still show a reasonable amount of fat, but in con¬ 
nection with the specific gravity watered or skimmed milk can 
usually be detected by the lactoscope. * 

Since the fat is the most variable constituent of milk, the milk 
serum containing all the other solids has been used for determining 
whether water has been added to the milk. The specific gravity 
of the serum is fairly constant and, when below normal, indicates 
watering. Milk serum can be prepared by the use of calcium 
chlorid or by coagulation with acetic acid. 
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Added water in milk can also be determined with an im¬ 
mersion refractometer. The tables on pages 218 and 219 give 
the refractometer reading and the specific gravity of milk serum 
according to the amount of water added to the milk. 

Determination of added water either by the use of the re¬ 
fractometer or by determining the specific gravity of the serum 
requires considerable experience to yield reliable results. Ex¬ 
perts with these methods claim that 5 per cent, of added water 
can be detected by these methods. 



Rg. 82.—Feser’a lactoscope (Leach). 


The Association of Official Agricultural Chemists gives the 
following method for^determining added water by the use of the 
Zeiss immersion refractometer: 

“To 100 c.c. of milk at a temperature of about 20° C. add 2 c.c. 
of a 25 per cent, acetic acid (spec. grav. 1.035) in a beaker, and 
heat the beaker, covered with a watch-glass, in a water-bath for 
twenty minutes at a temperature of 70° C. Place the beaker in 
ice water for ten minutes and separate the curd from the serum 
by filtering through a 12.5-cm. folded filter. Transfer about 
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I. C0K8TANTS OF MttK AND MILK SERUM. UBORATOEY SAMPLES (LEACH) 


Detenmnations on Milk. 


On Mtlk Serum. 


Total Solids. 
Per Cent. 

Water, 
Per Cent. 

Fat. 

Per Cent. 

Solids 
not Fat, 
Per Cent. 

Ash. 

Per Cent. 

Sp<!cific 

Gravity 

at 1s* C. 



i6 45 

83-55 

8.20 

8 25 

0 69 

* 0255 

1.0274 

40.95 

15 - 9 ° 

84 10 

7 00 

8 90 

1 0277 

1.0285 

42.00 

Hi 7 

85-63 

' 5 50 

• 8.88 

0.58 

1.0282 

1 .'0280 

• 42.40 

> 4»7 

85.83 

4 85 

9 32 

0.62 

I•03^3 

1.0281 

44.20 

1404 

83.96 

4-95 

9 09 

0.60 

1.0303 

1.0274 

42.70 

13 80 

86.20 

5.00 

8 80 

0.63 

1.0302 

1.0289 

42-75 

« 3-59 

£6 41 

4-30 

9 29 

0.64 

1.0321 

1.0285 

44 - 5 ® 

13-39 

86.61 

4.40 

8 99 

0.50 

1.0324 

1.0285 

43.70 

13 - 2 * 

86.72 

. 4.40 

8.88 

0.60 

1.021)9 

1.0289 

42-63 

13- 12 

86.88 

. 4.00 

9 12 

0-59 

1.0317 

I 0280 

43-75 

13 00 

87.00 

4 - 3 <^ 

8 70 

0.56 

1.0310 

1.0266 

42.60 

12 90 

87.10 

. 3-«5 

9 05 

o.6i 

1.0318- 

, I 0289 

43-40 

12 80 

87.20 

4 30 

8 

0.46 

1.0304 

1 0277 

42.70 

12.70 

87-30 

3.80 , 

8.90 . 

0-53 

1.0314 

1 0280 

43.10 

12.63 

87-37 

3-50 

9 13 

0.65 

1 0323 

I c?jy 

43-65 

12.62 

87-38 

s 4.10 

8 52 

0.52 

1 0,798 

I 0272 

42.40 


87-43 

3-70 

8.87 

0.68 

1 0317 • 

1.0278 

43-45 

12.47 

87-53 

3-60 

8 87 

0 6*; 

1.0303 

1.0282 

43.15 

12-36 

87.64 

3 20 

9 16 

0-55 

I 0327 

1 0282 1 

43 25 

12.30 

87.70 

3-20 

9.10 

0 62 

1 0327 

i 028 1 

44.00 

12.16 

87 84 

4-35 

7 81 

0 49 

1.0275 

I.0265 

41.10 

12.00 

88.00 

3-40 

8 60 

0.62 

1 0275 

1.0280 

41-75 

11.86 

88.14 

3 '60 

8 26 « 

0.49 

1.0306 

X.0266 

42.40 

11.67 

88.33 

3-95 

7-77 

0.4H 

1.0265 

I .O.MO 

39-30 

11.60 

88.40 

2-75 

8.85 

0.65 

1.0320 

1.0282 

43-55 

11.50 

88 50 

3-45 

8.05 

0 51 

' 1 0200 

I o.’6q 

41.40 

11.40 

88 60 

3 10 

, 8 30 

0 60 

1 0207 

1 0278 

42.00 

11.25 

88 75 

2 80 

8 45 

0.58 

1,o?8o 

T 0274 

40.90 

11.07 

88 93 

3 00 

8 07 

0.62 

I 0290 

I .o»7o 

40.75 

10.69 

■ 89 31 

1 s 93 

7 74 / 


1 0288 

1.0262 

39 -*5 

10 2$ 

' 89 73 

' 3 20 

6 95 

0-55 

1. 0230 

I 072 J 

36-40 

8.34 

’ 91.66 

' 2 20 

6 14 

' 0.38 

, T.0224 

I,0207 

34-70 


n. CONSTANTS OF MILK AND MILK SERUM. A WHOLE MTLK SYSTEMATICALLY 
WATERED (LEACH) 


Deicrminations on Milk. 


On Milk Serum. 


Added 
Water 
Per Cent. 

Total 
^lids, 
Per Cent. 

Water, 
Per Cent 

Fat, 

Per Cent 

Solids 
not Fat 
Per Cent. 

Ash, 

Per Cent 

Specific 

Gravity 

i 5 *U 

Specific 
Gravity 
at 1 $• C. 

Immersion 
Refrac- 
tometer 
Readit^ 
at JO* C. 

0 

12.65 

87-35 

4 00 

8 6s 

065 

1.0315 

1 0287 

42.40 

ZO 

XI .33 

88.67 

3 5 ® 

7 83 

0 60 

1.0278 

1.0260 

39-75 

ao 

10.10 

89.90 

3.1® 

7.00 

0-53 

1.0252 

1.0230 

39.9® 

30 

8.95 

91.03 

a-So 

6.IS 

0.4$ 

Z.021I 

1.0200 

34.10 

40 

7 67 

92-33 

2.40 

5 27 

0.40 

1.0192 

1.0167 

St .10 

50 

6-43 

93-57 

2.00 

4-43 

0.38 

I.OI54 

X.0140 

28.45 
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m. CONSTANTS OF MILK AND MILK BBKtJM. A WHOLE MILK SYSTEMATICALLY 
WATERED (LEACH) 


Determination* on Milk. 

On Milk Serum. 

Added 
Water, 
Per Cent. 

Total 
Sohds. 
Per Cent. 

Water. 
Per Cent. 

« Pat. 

Per Cent. 

Solids 
not Fat. 
Per Cent. 

Ash, 

Per Cent. 

Specific 

Gravity 

at 15® C. 

Specific 
Gravity 
at 15® C. 

Immersion 
Refrac- 
tonwier 
Kcadimi 
at 10® C. 

O 

9-05 

90 95 

, 0-03 

9 02 

0.64 

1-0350 

I.0206 

42 85 

lo 

8.14 

91.85 

0.03 

8. II 

0.60 

1.0317 

1.02^ 

39.60 

20 

727 


0.02 

7 25 

0.56 

1.0278 

1.0230 

36 85 

30 

6.41. 


0.02 

6.30 

0.4C 

1.0247 

1.0200 

34-00 

40 

5-50 

94-50 

o.or 

5'49 ■ 

0-44 

1.0209 

1.0170 

3t-20 

?o 

4.61 

95-39 

O.OI 

4 60 

0-39 

1.0172 

1.0140 

28.50 


35 c.c. of the senim to one of the beakers that accompanies the 
control-temperature bath used in connection with the Zeiss im¬ 
mersion refractometer, and take the refractometer reading at 
exactly 20° C., using a thermometer graduated 40 tenths of a 
degree. A reading below 39 indicates added water: between 39 
and 40 the sample is suspicious.” 

A test for nitrates in milk has been recommended for detect¬ 
ing addition of water. Usually the water used on farms is derived 
from deep wells, and these commonly contain nitrates. In pure 
milk there are no nitrates, even, as has been shown by experi¬ 
ments, if saltpeter is added to the cow’s food in moderate quantity. 
A simple test can be made in this manner; 2 c.c. pure sulphuric 
acid are placed in a white evaporating dish and a few crystals of 
diphenylamin dusted on the acid. Then a small amount of 
milk serum, prepared with calcium chlorid, is poured down the 
side of the dish. As the serum mixes with the acid bluish streaks 
indicate the presence of nitrates. 


Detection of Thickening Agents 

When milk is watered, skimmed, or both watered and skimmed, 
or even when it is naturally of low fat content, it is usually whiter 
than milk with normal fat content and may be deficient in vis¬ 
cosity. Consistency or viscosity may be restored by addition of 
Bucrate of lime or gelatin, the latter being not infrequently used 
to thicken buttermilk in imitation of Bulgarian milk. Cane- 
sugar is also added sometimes to increase the solids and conceal 
acidity. 

To detect cane-sugar in milk the following method can be 
used: Mix 25 c.c. of milk or cream with 10 c.c. of a 5 per cent, 
solution of uranium acetate, and filter after five minutes through 
a folded filter. To the clear filtrate add 2 c.c. of a cold saturated 
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solution of ammonium molybdate and 8 c.c. hydrochloric acid 
(1 part 25 per cent. HCl and 7 parts water). After shaking, heat 
in a water-bath at 80° C. for five minutes. A blue color develops 
when saccharose is present, and becomes more intense with pro¬ 
longed heating. Normal milk develops a faint green color un¬ 
less the temperature is raised to boiling, when a blue color ap¬ 
pears. 

Cane-sugar can also be detected by boiling 5 to 10 c.c. of the 
milk with 0.1 gram resorcin and a few drops of hydrochloric acid 
for a few minutes. A rose-red color develops in the presence of 
cane-sugar. 

Richmond’s method for detecting cane-sugar consists in de¬ 
termining the polarization of the suspected milk as for milk-sugar. 
The amount of milk-sugar is then determined by using Fehling’s 
solution. The difference between the amount of anhydrous milk- 
sugar found and that resulting from dividing the polarization by 
1.217 gives the percentage of cane-sugar present. 

The presence of gelatin is determined according to the follow¬ 
ing method given by the Association of Official Agricultural 
Chemists: 

“ Prepare an acid solution of mercuric nitrate in twice its weight 
of nitric acid of 1.42 specific gravity, and dilute this solution to 
twenty-five times its bulk with water. To 10 c.c. of the milk 
(or cream) to be examined add an equal volume of the acid mer¬ 
curic nitrate solution, shake the mixtme, add 20 c.c. of water and 
shake again, allow to stand five minutes, and filter. If much 
gelatin is present the filtrate will be opalescent and cannot be 
obtained quite clear. To a portion of the filtrate contained in a 
test-tube add an equal volume of a satmated aqueous solution 
of picric acid. A yellow precipitate will be produced in presence 
of any considerable amount of gelatin, while smaller amounts 
will be indicated by cloudiness. In the absence of gelatin the 
filtrate obtained will remain perfectly clear.” 

There is no sanitary objection to the use of sucrate of lime or 
gelatin, but their presence is a confession of some deficiency in 
.the quality of the milk unless the sucrate of lime is added to re¬ 
store the viscosity lost through pasteurization. In this case the 
addition should be stated on the bottle, ^ut when such additidh 
is made to conceal the effects of tampering with the milk, its de¬ 
tection is of importance. 

Addition of Foreign Fat to Milk.—If milk has been skimmed, 
some foreign fat may be added to replace the amount of milk- 
fat removed. By the use of homogenizing machines the fat may 
be incorporated in the form of an emulsion, simulating the natural 
emulsion of butter-fat. However, the globules formed by a homo- 
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genizing machine are exceedingly small, and microscopic examina¬ 
tion readily reveals this condition. Furthermore, the small glob¬ 
ules resulting from the homogenizing process do not rise readily, 
and the absence of a cream line indicates that the milk has been 
tampered with. 

Foreign fats may be discovered by chemical methods, but 
these are laborious, time consuming, and not always reliable. 

Coloring-matter in Milk 

Coloring-matter is sometimes added to milk to impart a rich 
appearance, especially after it has been either skimmed or watered. 
Then, too, when milk is derived from animals producing milk 
poor in fat, artificial color is added to increase its attractiveness. 
Annatto, caramel, and anilin dyes are chiefly used for this pur¬ 
pose. \^ile annatto and caramel are harmless, the azo-dyes may 
be poisonous, as arsenic, copper, tin, lead, and zirfc may be intro¬ 
duced during manufacture. A general indication of the presence 
of caramel or azo-dyes can be had by coagulating the casein with 
rennet extract or acid. In pure milk the pigment (carotin, 
xanthophyll) is contained in the fat, and therefore the curd of 
pure milk is white, while the curd of milk colored with caramel 
or some azo-dye has the characteristic color of the dye used. 
Annatto is taken up by the fat and the curd remains white. 

Another indication of the presence of caramel or some azo¬ 
dye is the color of the skimmed milk after the cream has risen. 

The use of caramel or annatto does not injure the wholesome¬ 
ness of the milk, but there is no advantage in their use unless the 
milk has been tampered with or is of poor quality. 

Artificial coloring of milk can be detected by the following 
tests (Leach’s method): Warm about 150 c.c. of the milk to be 
tested in a casserole over the flame and add about 5 c.c. of acetic 
acid, after which slowly continue the heating nearly to the boil¬ 
ing-point, stirring all the while. Gather the curd, when possible, 
into one mass by the use of the stirring rod, and pour off the whey. 
If the curd breaks up into small flakes, separate from the whey 
by straining through a sieve or colander. Press the curd free 
from adhering liquid, transfer to a small flask, and macerate for 
several hours (preferably over night) in about 50 c.c. of ether, 
the flask being tightly corked and shaken at intervals. 

Detection of Annatto .—Decant the ether extract as obtained 
above into an evaporating dish, place on the water-bath, and 
evaporate the ether. Make the fatty residue alkaline with 
sodium hydroxid, and pour upon a very small wet filter while 
still warm. After the solution has passed through, wash the fat 
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from the filter with a stream of water and dry the paper. If, after 
drying, the paper is colored orange, the presence of annatto is 
inicated. Confirm by applying a drop of stannous chlorid solu¬ 
tion, which in presence of annatto produces a characteristic pink 
on the orange-colored paper. 

Annatto can also be detected in milk if 10 c.c. are mixed with 
ether and then shaken. After the ether has separated it becomes 
yellow if annatto was present. 

Detection of Anilin Orange (Leach ).—If the extracted fat- 
free curd (see above) is distinctly dyed an orange or yellowish 
color, anilin orange is indicated. To confirm the presence of this 
color treat a lump of fat-free curd in a test-tube with a little 
strong hydrochloric acid. If the curd turns pink immediately, 
the presence of anilin orange is assured. 

Anilin dyes in milk can be detected by mixing 10 c.c. of milk 
with 10 c.c. of strong hydrochloric acid. A pink color appears in 
their presence.' 

Detection of Caramd (Leach ).—If the fat-free curd is colored 
dull brown, caramel is to be suspected. As in the test for anilin 
orange, shake a lump of the curd with strong hydrochloric acid in 
a test-tube and heat gently. In the presence of caramel, the acid 
solution will gradually turn a deep blue, as will also the white 
fat-free curd of an uncolored milk, while the curd itself will not 
change color. It is only when this blue coloration of the acid 
occurs in connection with a brown colored curd, which itself does 
not change color, that the presence of caramel is to be suspected, 
as distinguished from the pink coloration produced at once under 
similar conditions by anilin orange. 

The following summary of the scheme for color analysis is 
given by Leach: 

“ Curdle 160 c.c. of milk in a casserole with heat and acetic acid. Gather 
the curd in one mass. Pour off whey, or strain, if curd is finely divided. 
Macerate curd with ether in corked fladc. Pour off ether. 


Ether Extract. 


Extracted Curd. 


Evaporate off ether, treat 
residue with NaOH, and 
pour on wetted filter. After 
the solution has passed 
through, wash off fat and 
dry filter, which, if colored 
orange, indicates presence 
of annatto. (Confirm by 
SnCl..) 


1. If colorless—indicates presence of no 
foreign color other than in ether extract. 

2. If orange or brownish—^indicates presence 
of anilin orange ot caramel. Shake curd in 
test-tube with concentrated HCl. 


If solution gradvdUy 
turns blue, indicative of 
caramel. (Confirm by 
testing for caramel in 
whey of original milk.) 


If orange curd im¬ 
mediately turns pink, 
indicative of anilin 
orange.” 
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Addition of Pkesesvativbs to Milk 

In adding preservatives to milk, one of three objects is sought, 
namely: 1, Prolongation of the period of sweetness; 2, the de¬ 
struction of pathogenic bacteria together with saprophytes; 3, 
the neutralization of acid formed by bacteria. 

Since decomposition of milk depends upon the presence of 
micro-organisms, the chief purpose of adding a preservative is to 
destroy micro-organisms, in whole or in part. If preservatives 
are added in relatively small quantities, multiplication of bac¬ 
teria is restrained and decomposition is deferred. The question 
comes up whether substances which destroy bacterial cells do not 
also injure the cells of the digestive tract, a question of special 
importance when milk is intended for consumption by infants and 
invalids. In relatively small quantities the action of preserva¬ 
tives on bacteria is selective. It is necessary, in order to ac¬ 
complish the desired end, to use preservatives in Sufficient amount 
to really destroy at least all pathogenic bacteria. To destroy 
spore-bearing organisms larger amounts of preservatives are 
required than for vegetative forms. On the other hand, there is 
danger of too much preservative being used. This may result 
from ignorance or from repeated addition of preservatives at dif¬ 
ferent stages of the milk’s journey from producer to consumer. 
A preservative may be added by the producer, again by someone 
at the collecting station, and finally by the dealer. Further¬ 
more, in the warm season a larger amount of preservative is re¬ 
quired than during the cold months. 

The preservatives that have been used in milk are chiefly the 
following: formaldehyd, either as formalin, or under some trade 
name, as Preservaline, Iceline, or Freezine; and borax and boric 
acid, sold under the trade name Aseptine. Less commonly used 
are salicylic acid, benzoic acid, hydrogen peroxid, fluorids, potas¬ 
sium bichromate, sodium carbonate or bicarbonate. 

Formaldehyd is used to a greater extent than any other pre¬ 
servative, and while the other substances mentioned are not 
used as frequently as formaldehyd, they are found frequently 
enough, and methods for determining their presence must be 
applied. Salicylic acjd is dissolved with difficulty unless the 
milk is first heated, and the quantity necessary to produce the 
desired effect is so great that its presence can be recognized by 
the taste. 

Chester and Brown have shown that formaldehyd in milk in 
the proportion of 1 :2000 to 1 :800 causes a rapid decrease of 
bacteria during the first twenty-four hours, and that only a few 
resistant spores remain at the end of five days. In the proportion 
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of 1:5000 there is a rapid decline of bacteria for four to six hours, 
a continued slow reduction up to twenty-four hours, and after that 
multiplication begins. When formaldehyd is present in a dilution 
of 1 :10,000 to 1 :20,000 there is evident a marked restraining in¬ 
fluence which in a dilution of 1 :40,000 is less distinct. The au¬ 
thors think that 1 part formaldehyd in 40,000 parts of milk, as 
advised by von Behring, improves the sanitary quality of the 
milk if it is kept at 60° to 70° F. by preventing objectionable fer¬ 
mentations. They further state that there is no reason to believe 
that in this proportion any marked injury could result to the per¬ 
son consuming it. 

Whether formaldehyd is injurious to the health of the con¬ 
sumer is a question that cannot be satisfactorily answered, and 
which is largely dependent upon the quantity consumed and the 
period for which its consumption is continued. Exact experi¬ 
ments are difficult to conduct, and the experiments actually made 
by a number of investigators were those with animals. Such 
results as were obtained are not necessarily applicable to human 
beings. However, some observations on the effect of this pre¬ 
servative upon children are available. It should be further taken 
into account that in some experiments formaldehyd and other 
preservatives have been made with unnecessarily large amounts 
of these substances. Formaldehyd in a concentration of 1 :20,- 
000 preserves the milk for several days, and it has never been 
shown that this amount is actually injurious. Von Behring even 
advocated the use of formaldehyd in a concentration of 1 :40,000 
in milk destined for infant feeding. 

On the other hand, it should be remembered that, as previously 
stated, a preservative may be present in excessive quantity, either 
through ignorance or repeated addition. Under such conditions 
it is conceivable that the effect of formaldehyd on casein—that is, 
rendering it less digestible—^is appreciable and that the irritating 
effect in the digestive tract is not negligible. 

Furthermore, it does not seem unjustifiable to assume that, 
while occasional consumption of a small amount of formaldehyd 
may be without untoward effect, the habitual ingestion of even 
small amounts may be detrimental. It is well known that for¬ 
maldehyd has an inhibiting influence on the,,digestive enzyms and 
on enzyms in general if the concentration is 1 :500 or greater. 

In regard to borax and boric acid, the same holds good as for 
formaldehyd. Borax and boric acid in relatively large quantity 
(1 to 2 per cent.) seem to produce a slightly deleterious effect on 
the digestive system, but in smaller amount the question still 
awaits solution. Indeed, it should be remembered that borax 
and boric acid are easily eliminated through the urinary tract. 
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so that permanent effects are realized only when these substances 
are taken continuously. Tunnicliffe and Rosenheim go so far as 
to assert that children increased in weight when the food contained 
borax and boric acid. 

Boric acid in a concentration of 1 : 2000 is sufficient to preserve ^ 
milk in good condition for twenty-four hours. 

Salicylic acid and benzoic add are used only in rare instances. 1 
Their effect on the system has not been definitely determined, as 
opinions on the subject are divided. Hydrogen peroxid has been 
recommended for preserving milk, and the “Buddeizing” of milk 
as proposed by Budde has been shown to be very effective in 
destroying micro-organisms. Buddeized milk is milk to which 
hydrogen peroxid has been added at a temperature of 52° C. 
The process has never become popular because there are several 
serious drawbacks to the product. Excess of hydrogen peroxid 
imparts a bitter taste to the milk and, furthermore, commercial 
preparations of hydrogen peroxid deteriorate and, therefore, are 
not reliable. They may also contain poisonous substances, such 
as arsenic, barium salts, etc. 

The use of fluoride and potassium bichromate is so exceptional 
that consideration of these substances as preservatives is hardly 
profitable. Fluorids are poisonous, and potassium bichromate, 
while not a violent poison, is by no means harmless. 

In summarizing the knowdedge concerning the physiologic 
effect of preservatives in milk, it may be said that in minimal 
quantities most of the preservatives used in milk are probably 
not harmful when taken occasionally. When taken continuously 
they may not be entirely safe, but since the quantity added is an 
uncertain factor their use should be discouraged. Moreover, 
there is no excuse for their use, since pasteurization furnishes the 
means of removal of possible dangers in milk. Preservatives can 
only be designed to disguise imperfect milk or altered milk, and 
their presence is, therefore, not defensible in the light of present 
knowledge. 

Detection of Formaldehyd.—1. Hehner’s Sulphuric Add Test. 

—Place 5 c.c. of the milk in a test-tube and pour about 3 c.c. of 
commercial concentrated sulphuric acid slowly down the side of 
the tube, so the liquid^ do not mix. At the junction of the liquids 
a violet zone appears in the presence of formaldehyd. If pure 
sulphuric acid is used a few crystals of ferrous sulphate should 
be added to the acid, as iron is a necessary ingredient for this 
test. 

When milk containing formaldehyd is tested by the Babcock 
method for fat, a violet ring will form at the junction of the acid 
and milk. 
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2. Leach’s Hydrochloric Add Test .—“Commercial hydrochloric 
acid (spec. grav. 1.2) containing 2 c.c. of 10 per cent, ferric chlorid 
per liter is used as reagent. Add 10 c.c. of the acid reagent to an 
equal volume of milk in a porcelain casserole, and heat slowly 
over a free flame nearly to boiling, holding the casserole by the 
handle and giving it a rotary motion while heating to break the 
curd. The presence of formaldehyd is indicated by a violet col¬ 
oration, varying in depth with the amount present. In the ab¬ 
sence of formaldehyd the solution slowly turns brown. By this 
test 1 part of formaldehyd in 250,000 p^s of milk is readily de¬ 
tected before the milk sours. After souring the limit of delicacy 
proves to be about 1 part in 50,000.” 

3. Confirmatory Tests with Distilled Milk (Leach ).—Distil 100 
to 200 c.c. of the milk and use the first 20 c.c. of the distillate for 
testing. The following tests can be applied: 

(a) To a few drops of the distillate in a test-tube add 1 drop of 
Schiff’s reagent* A pink coloration appears in the presence of an 
aldehyd. 

Preparation of Schiff’s reagent: One gram of fuchsin is dissolved 
in water and a mixture of 20 c.c. of a saturated solution of sodium 
bisulphate and 10 c.c. of pure hydrochloric added, and the volume 
made up to 1000 c.c. 

(b) Add to 5 c.c. of the milk distillate a few drops of a 1 per 
cent, aqueous solution of resorcin or phenol, mix, and pour down 
the side of a tube containing sulphuric acid. A rose-red zone is 
formed at the junction of the liquids. Formaldehyd can be de¬ 
tected 1 part to 200,000. If present in larger quantity than 1 
part to 100,000 a white turbidity or precipitate is formed above 
the colored zone. 

(c) Use 1 or 2 c.c. of the milk distillate in a test-tube. Add to 
this 2 to 4 drops of the following reagent: One gram of phenyl- 
hydrazin hydrochlorid and 1.5 grams sodium acetate dissolved in 
10 c.c. of water. A green coloration appears when formaldehyd is 
present. 

(d) To a distillate from milk which has been acidified before 
distillation to bind ammonia a few drops of Nessler’s reagent are 
added. A yellow color appears in presence of formaldehyd. If 
much formaldehyd is present the color is dark and a grayish 
precipitate may form upon standing. 

liie following methods for detecting formadehyd in milk are 
given by the Association of Official Agricultural Chemists: 

1. To 3 to 5 c.c. of milk add a lump of phenylhydrazin hydro¬ 
chlorid about the size of a pea, from 2 to 4 drops (not more) of 
a 5 to 10 per cent, solution of potassium ferrocyanid, and from 8 
to 12 drops of an approximately 12 per cent, solution of sodium 
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hydroxid. A distinct bluish-green or green reaction is obtained 
if formaldehyd is present in quantities of 1 :70,000 or more. 

2. Treat 15 c.c. of the milk or the distillate thereof with 1 c.c. 
of a dilute solution of phenylhydrazin hydrochlorid, then a few 
drops of dilute ferric chlorid solution, and, finally, with concen¬ 
trated hydrochloric acid. A red color changing to orange yellow 
indicates presence of formaldehyd (Rimini’s method). 

3. Prepare the reagent by dissolving 1 gram phloroglucol and 
20 grams sodium hydroxid in sufficient water to make 100 c.c. 
To 10 c.c. of milk add, by means of a pipet, 2 c.c. of this reagent, 
placing the end of the pipet on the bottom of the tube in such a 
manner that the reagent will form a separate layer. A bright 
red color is formed at the zone of contact if formaldehyd is present. 

Formaldehyd can be detected by heating a few cubic centi¬ 
meters of the milk with an equal volume of hydrochloric acid and 
adding 1 or 2 drops of a 1 per cent, ferric chlorid solution. A 
violet color appears when formaldehyd is present.* 

Determination, of Formaldehyd in Milk (Leach ).—“To 100 c.c. 
of milk add 1 c.c. of 1 :3 sulphuric acid and subject to distillation 
in a 500-c.c. Kjeldahl nitrogen flask, using a low circular evaporat¬ 
ing burner to avoid frothing. Collect 20 c.c. of the distillate and 
determine the formaldehyd as follows: Treat 10 c.c. of tenth- 
normal silver nitrate with 6 drops of 50 per cent, nitric acid in a 
50-C..C. flask, add 10 c.c. of a solution of potassium cyanid contain¬ 
ing 3.1 grams KCN in -500 c.c. of water, and make up to the 50 
c.c. mark. Shake, filter, and titrate 25 c.c. of the filtrate with 
tenth-normal ammonium sulphocyanate, using ferric chlorid as an 
indicator. 

“Acidify another portion of 10 c.c. of tenth-normal silver nitrate 
with nitric acid, add 10 c.c. of the potassium cyanid solution to 
which the above 20 c.c. of the formaldehyd distillate has been 
added. Make up the whole to 50 c.c., filter and titrate as before 
25 c.c. of the filtrate with tenth-normal ammonium sulphocyanate 
for excess of silver. 

“The amount of potassium cyanid used up by the formaldehyd, 
in terms of tenth-normal ammonium sulphocyanate, is found by 
multiplying by 2 the difference between the two results, and the 
total formaldehyd is calculated by multiplying by 3 the amount 
found in the 20 c.c. of the distillate.” 

Detection of Borax and Boric Acid. —Method of the Associa¬ 
tion of Official Agricultural Chemists: “ Render decidedly alkaline 
with lime-water about 25 grams of the milk and evaporate to 
dryness on a water-bath. Ignite the residue to destroy organic 
matter. Digest with about 15 c.c. of water, add hydrochloric 
acid, drop by drop, until all is dissolved, and add 1 c.c. in excess. 
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Moisten a piece of delicate turmeric paper with the solution; if 
borax or boric acid is present, the paper on drying will acquire 
a peculiar red color, which is changed by ammonium hydroxid to 
a dark blue green, but is restored by acid.” 

A preliminary test may be made by immersing a strip of tur¬ 
meric paper in about 100 c.c. of the milk, to which about 7 c.c. of 
concentrated hydrochloric acid has been added. 

Boric acid or borax can be detected by evaporating 10 c.c. of 
the milk to dryness after addition of a small amount of hydro¬ 
chloric acid, mixing the residue with alcohol, and lighting the 
alcohol. A greenish color in the flame indicates the presence of 
either boric acid or borax. 

The following test for the detection of borax and boric acid is 
given by Shaw: “ Ten c.c. of the milk is mixed with 5 c.c. of hydro¬ 
chloric acid in a white cup. A strip of turmeric paper about 3 
inches long is suspended in the mixture, so that at least 2 inches 
of the dry strip temain out of the liquid. The dry portion of the 
paper will gradually become moist by capillarity, and if borax or 
boric acid is present the paper will take on a reddish-brown tint. 
If only a trace of the preservative is present, several hours may be 
required for this color to develop. A drop of ammonia-water on 
the red portion will produce an olive-green color, which becomes 
lighter, and finally disappears as the ammonia evaporates.” 

Quantitative estimation: ‘‘Render 100 grams of the sapiple 
decidedly alkaline with sodium hydroxid’and evaporate to dry¬ 
ness in a platinum dish. Ignite the residue thoroughly, heat with 
about 20 c.c. of water, and add hydrochloric acid, drop by drop, 
until all is dissolved. Transfer to a 100-c.c. flask, the volume not 
being allowed to exceed 50 to 60 c.c. Add 0.5 gram of calcium 
chlorid and a few drops of phenolphthalein, then a 10 per cent, 
solution of caustic soda until a permanent slightly pink color is 
produced, and finally add 25 c.c. of lime-water. Make the volume 
up to 100 c.c. Mix and filter through a dry filter. To 50 c.c. of 
the filtrate add normal sulphuric acid until the pink color dis¬ 
appears, then methyl orange, and continue the addition of the 
acid until the yellow is just changed to pink. Boil to expel car¬ 
bon dioxid. Add fifth-normal caustic soda until the liquid as¬ 
sumes the yellow tinge, excess of soda beiqg avoided. Cool the 
solution, add a little phenolphthalein, and an equal volume of 
glycerin. Titrate with standardized sodium hydroxid until a.per¬ 
manent pink color is produced. 

“One cubic centimeter of fifth-normal soda solution is equal to 
0.0124 gram of crystallized boric acid.” 

Detection of Benzoic Acid. —Method of the Association of 
Official Agricultmal Chemists: “Add 5 c.c. of dilute hydrochloric 
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acid to 50 c.c. of the milk in a flask and shake to curdle. Then 
add 150 c.c. of ether, cork the flask, and shake well. Break up 
the emulsion which forms by aid of a centrifuge, or if the latter 
is not available, extract the curdled milk by gently shaking with 
successive portions of ether, avoiding the formation of an emul¬ 
sion. Transfer the ether extract (evaporated to small volume if 
large in bulk) to a separator funnel and separate the benzoic acid 
from the fat by shaking out with dilute ammonium hydroxid, 
which takes out the former as ammonium benzoate. Evaporate 
the ammoniacal solution in a dish over the water-bath till all free 
ammonia has disappeared, but before dryness is reached add a 
few drops of ferric chlorid reagent. The characteristic flesh- 
colored precipitate indicates benzoic acid. Care should be taken 
not to add the ferric chlorid until all the ammonia has been driven 
off, otherwise a precipitate of ferric hydrate is formed.” 

Detection of Salicylic Acid.—Method of the Association of 
Official Agricultural Chemists: “Proceed exactly as directed for 
benzoic acid in the preceding section. On applying the ferric 
chlorid to the solution after evaporation of the ammonia the well- 
known violet color indicates salicylic acid. 

“Salicylic acid can also be detected by evaporating 10 c.c. of 
the milk to dryness on a water-bath, pulverizing the residue, and 
adding a few drops of ferric chlorid solution. The characteristic 
purple color will appear if salicylic acid is present.” 

Detection of Sodium Carbonate and Bicarbonate.—Mix 10 c.c. 
of the milk with 10 c.c. of alcohol and a few drops of a 1 per cent, 
solution of rosolic acid. Carbonate present gives a rose red color, 
while pure milk gives a brownish-yellow color. 

Roughly, the presence of sodium carbonate or bicarbonate can 
be detected by evaporating about 10 c.c. of the milk to dryness on 
a water-bath; a yellow color will appear if sodium carbonate was 
present. Addition of an acid to the residue will cause effervescence. 
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Enzths or ferments are substances of unknown composition 
produced by living cells. They accelerate chemical processes and 
act in relatively small amounts as compared to the substances 
on which they react; nor are they destroyed by their activity. 
They are specific; that is to say, each enzym reacts only with one 
substance. By their action an equilibrium is established and this 
reaction is reversible. Usually a distinction is made between 
intracelMar or endo-enzyms, or those which react only inside of 
the living .cells, and extracellular or exo-enzyms, those which are 
able to penetrate the cell wall and react in the surrounding me¬ 
dium. The distinction between organized or living ferments, and 
unorganized or ferments acting independently from the cell, is 
not held by most investigators, since Buchner has shown that 
so-called organized ferments really act by means of unorganized 
ferments contained in the living cell. By separating ferments 
from living cells by means of pressure Buchner was able to repro¬ 
duce fermentations similar to those brought about by the living 
cell. 

Enzyms are sensitive to acids, alkalies, salts, and tempera¬ 
ture. Some enzyms act best in slightly acid liiedia, as rennin 
and pepsin for example; others prefer slightly alkaline media, as 
trypsin. Excess of acid^ alkali, or salt is inhibitory. Some 
enzyms require the presence of small amounts of certain salts 
without which they are unable to produce chemical changes. 
Rennin and the fibrin ferment exert their coagulative influence 
only when calcium salts are present. Each enzym has an opti¬ 
mum, minimum, and maximum temperature, and is destroyed at 
a certain temperature, which varies with different enzyms. Some 
enzyms are destroyed at 60° C., or even below, others are destroyed 
at higher temperature. 

Enzyms are always present in raw milk, and when we read of 
“life in milk” they are usually referred to. The distinction be¬ 
tween inherent milk enzyms and enzyms produced by microbial 
activity is sometimes made. However, it is difficult to exclude 
beyond criticism the activity of micro-organisms, since only a 
small portion of the milk in the udder is really free from bacteria. 
There is reason to believe that milk is secret^ by the mammary 
gland in sterile condition, but it becomes contaminated with 
bacteria before it leaves the finest ducts. The so-called strippings 
230 
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are rarely free from bacteria, and therefore it is difiScult to obtain 
sterile milk in sufficient quantity to make successful experiments. 
The usual procedure, when studying milk enzyms, is to add an 
antiseptic, such as chloroform, toluol, etc., which restrains bac¬ 
terial activity, but does not materially retard enzym action. It 
is true that in this manner bacterial activity can be prevented and 
the production of enzyms inhibited, but enzyms that have been 
produced previous to the addition of the antiseptic are not ex¬ 
cluded. 

Milk enzyms may originate in the circulation and pass through 
the mammary glands uninjured; they may originate in the mam¬ 
mary gland or they may be liberated from disintegrating leu¬ 
kocytes. Finally, they may be the result of bacterial metabolism 
before the milk is drawn from the udder. It must be confessed 
that our knowledge of the origin of milk enzyms has not reached 
the point where it can be positively stated that certain enzyms 
originate from one source or another. There isjittle doubt that 
some enzyms which have been found in milk are really of bac¬ 
terial origin, but the existence of inherent milk enzyms still awaits 
positive proof. 

It has been assumed that some enzyms in milk are an aid in 
digestion, and special stress has been laid upon this point in 
reference to the use of cow’s milk for infant feeding. It is doubt¬ 
ful, however, whether enzyms in cow’s milk are of real importance 
to the human infant, for it is natinal to assume that, if inherent 
digestive enzyms actually exist in cow’s milk, they would lie of 
little value for another species of mammal. 

A variety of enzyms obtained from milk have been reported 
in the literature. These include proteolytic, carbohydrate-split¬ 
ting, oxidizing, and reducing enzyms. 

Proteolytic Enzyms.—Duclaux found a proteolytic enzym as¬ 
sociated with rennet and which he considered of importance in 
cheese ripening. This “casease” can be obtained by precipitating 
with alcohol a broth culture of Tyrothrix tenuis, a bacterium of 
the hay bacillus group. Duclaux’s casease is a trypsin-like fer¬ 
ment. 

A great deal of attention has been given to a ferment discovered 
in milk by Babcock and Russell and named galactose. This en¬ 
zym was found in milk of the cow, sheep, goat, pig, horse, half- 
breed buffalo, and in human milk. Cow’s milk in which the 
enzym was studied was drawn under aseptic precautions and 
preserved with an antiseptic. The antiseptics used were chloro¬ 
form, ether, benzol, and toluol, but preference was given to 
chloroform as being the most effective. These antiseptics pre¬ 
vent bacterial growth, but do not inhibit enzym activity. 
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Harding and Van Slyke, in a study of the quantity of chloro¬ 
form required to restrain bacterial growth without materially 
affecting enzym action, have observed that some of the chloroform 
is absorbed by the fat and then becomes useless as a restraining 
agent. The greater the percentage of fat in the milk, the larger the 
amount of chloroform lost. It settles to the bottom with the dis¬ 
solved fat. Skimmed milk containing 3 per cent, protein required 
0.2 per cent, by volume of chloroform to destroy vegetative forms 
of bacteria gradually and 0.4 per cent, to destroy them within 
twenty-four hours. In whole milk of 5 per cent, fat content 1 per 
cent, chloroform destroyed the vegetative forms gradually, 1.5 per 
cent, within twenty-four hours, and 2 per cent, in four hours. 
Spores were not immediately destroyed even with excessive 
amounts of chloroform. In chloroformed cheese a uniform de¬ 
struction of vegetative forms was not obtained with less than 10 
per cent, chloroform by weight. In skimmed milk digestion pro¬ 
gressed at a uniform rate in the presence of 0.2 to 0.7 per cent, 
chloroform by volume. With greater quantity of chloroform the 
rate of digestion decreased. The decrease when 2.5 per cent, 
chloroform was present was 12 per cent, of that occurring in the 
presence of 0.7 per cent. Beyond 2.5 per cent, an increase to 
30 per cent, chloroform did not retard the rate of digestion more 
than did 2.5 per cent. The authors conclude that chloroform is 
a fairly satisfactory agent for repressing germ life in connection 
with the study of milk enzyms, and that quantitative studies of 
enzym action should receive a correction of 10 per cent, where 
2.5 per cent, chloroform or more is used. 

Babcock and Russell studied the increase of soluble protein in 
milk obtained under aseptic precautions and after addition of 
chloroform. As the soluble protein increased the protein pre- 
cipitable with acetic acid decreased. The progressive proteolysis 
is shown by the following figures: 

PROGRESSIVE PROTEOLYSIS IN MILK WITH ANTISEPTIC 

Kind and age of milk. Soluble protein. 

Average of analyses of whole milk, fr^h. .21 07 per cent. 

Average analyses of whole nulk, twenty-five days old... 38.27 " “ 

Averse analyses of centiifugal skimmed milk, fresh . . . 25.26 “ " 

Average analyses of centrifnpl skimmed milk, eight to twelve months old. 73 30 “ “ 

Maximum found is skimmed milk.91.18“ “ 

Galactase was also obtained from centrifugal slime of milk 
that had been continuously kept in contact with an antiseptic. 
Aqueous extracts had proteolytic prqperties, curdled fresh milk, 
and rapidly decomposed hydrogen peroxid. The aqueous ex¬ 
tract probably contained a mixture of enzyms. 

Galactase was at first thought by Babcock and Russell to be 
a tryptic ferment, because its action is increased in neutral or 
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slightly alkaline media. Subsequent study by Babcock, Russell, 
Vivian, and Hastings, however, showed that it could be sharply 
differentiated from trypsin by its decomposition products. As 
the authors state: “The digestion products approach more nearly 
those produced by the liquefying or peptonizing bacteria than 
they do any of the ferments of animal origin.” Ammonia is formed 
during early stages of digestion when'galactase is used, but it is 
absent in tryptic and pancreatic digestion. Galactase differs 
further from trypsin in being inhibited by formalin. 

Galactase is different from pepsin, inasmuch as the latter 
does not act on boiled milk unless free acid is added. The au¬ 
thors think that galactase is the main causal agent in the proteo¬ 
lytic changes that occur in Cheddar cheese. 

Babcock, Russell, and Vivian have also studied the influence 
of galactase in the ripening of cottage cheese. Their studies 
have led to the conclusion that the digestion of casein in cottage 
cheese is due to the effect of inherent milk enzynis, chiefly galac¬ 
tase, but not so much to the action of vital ferments. They 
showed that when casein is precipitated by acid instead of rennet 
it undergoes a proteolytic change comparable to that occurring in 
normal milk. 

Galactase acts best in neutral or slightly alkaline media and 
is destroyed by heating at 76° C. for ten minutes. Babcock and 
Russell think that galactase is a true milk enzym and not a bac¬ 
terial product, but it is questioned by some whether their milk 
was really sterile and whether the antiseptics used were in mf- 
ficient quantity to prevent all bacterial growth. It is further 
questioned whether galactase is a single enzym or a mixture of 
several different ones. Furthermore, there is some similarity be¬ 
tween galactase and Duclaux’s casease, which is clearly a bacterial 
product. 

Pepsin and trypsin-like ferments have been found in milk by 
Spolverini, who demonstrated the formation of protein decom¬ 
position products which gave the biuret reaction. 

Carbohydrate-splitting Ferment.—An amylase has been dem¬ 
onstrated in milk and can be shown to exist by the following 
method (Koning): Place 10 c.c. of milk in each of a series of 
test-tubes. Add to Jhe first tube 1 drop of a 1 per cent, solu¬ 
tion of starch, to the second tube 2 drops, and so on. Mix and 
add after thirty minutes 1 c.c. of an iodin solution prepared by 
dissolving 1 gram iodin and.2 grams potassium iodid in 300 c.c. 
of water. If all the starch has been digested a yellow color ap¬ 
pears after addition of the iodin solution, while if part of the 
starch only has been digested, the characteristic blue color of the 
iodin-stareh reaction appears. 
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Faisplitting Ferment .—A fat-splitting ferment has been found 
in milk. This is destroyed at 65° C. Recently Rogers has found 
a similar ferment in butter. 

MisceUaneous Ferments .—A salolase and an enterokinase have 
been reported, but their actual existence in common market milk 
is doubted. 

Oxydases and Reductases. —Oxidizing and reducing ferments 
have been constantly found in milk and are of special interest, 
since they produce reactions by which recently heated milk can 
be distinguished from raw milk. 

The question whether these enzyms are inherent milk enzyms 
or bacterial products has not been satisfactorily settled. How¬ 
ever, the majority of investigators hold that they are of bacterial 
origin. This opinion is supported strongly by the fact that milk, 
when heated to a degree which is destructive to the enzyms, upon 
standing, again contains these ferments. 

Four classes of oxidizing ferments may be distinguished, 
namely: 

1. 'Superoxydases, splitting hydrogen peroxid into water and 
free oxygen. These are also known as catalases. 

2. Oxydases, oxidizing by using the oxygen of the air. 

3. Peroxydases, or indirect oxydases, acting similarly to the 
true oxydases, but utilizing oxygen liberated from hydrogen 
peroxid. 

4. Reductases, reducing colored substances and changing sul¬ 
phur to hydrogen sulphid. 

Superoxydases differ from peroxydases, inasmuch as they utilize 
the O 2 resulting from decomposition of two molecules as hydrogen 
peroxid, while peroxydases utilize O from one molecule of hydrogen 
peroxid, as shown in the following formulas: 

Superoxydases (catalases): 2HS02 = 2 H 2 O + O 2 
Peroxydases: 1 H 2 O 2 = H20 + O 

Superoxydases act best at a temperature of 37° C.; they are 
destroyed at 68° C.; are weakened by prolonged heating at 60° C., 
and may be destroyed by heating at 62° C. for one hour. Heating 
to 56° C. for three hours partially destroys them. Their action 
is not inhibited by presence of lactic acid,,in which respect they 
differ from the peroxydases. Superoxydases go into the coagulum 
when casein is precipitated, and into the cream when cream rises 
or is obtained by centrifugation. They can be extracted from 
cream by using water or physiologic sodium chlorid solution. 

Superoxydases are present in large quantity in human milk, 
especially in the colostrum. In cow’s milk they are also con¬ 
stantly present, and in excessive quantity when the udder is 
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diseased. A test for catalase has, therefore, been used to indicate 
mastitis. Seligmann thinks that the large amount of catalase in 
colostrum is derived from the leukocytes, since these are present 
in large numbers. In milk from diseased udders their presence 
also suggests leukocytes as the origin. The catalases of normal 
milk are probably the product of saprophytic bacteria. 

There is the possibility of superoxydases being inherent milk 
enzyms, but convincing proof of this is lacking. We know that 
there are bacteria, chiefly cocci, that are capable of producing 
superoxydases. According to Seligmann addition of an anti¬ 
septic to milk in suflicient quantity to prevent bacterial growth 
also decreases the amount of superoxydase, but when the anti¬ 
septic is removed the quantity of enzym increases. This fact 
points clearly to the bacterial origin of superoxydases. 

Catalase action is inhibited by HCN, cyanids of potassium 
and mercury, barium nitrate, hydrochloric acid, nitric acid, 
hydrogen sulphid, acetic and oxalic acids, and potassium nitrate. 

Peroxydases or indirect oxydases have the property of produc¬ 
ing colored compounds from easily oxidizable substances. When 
fresh tincture of guaiac and hydrogen peroxid are added to milk, 
a blue color appears. When old tincture of guaiac is used the 
addition of hydrogen peroxid is not necessary, since a peroxid is 
formed in the tincture. Similar color reactions are produced 
with guaiacol, paraphenylendiamin, ursol D, dimethyl- and tetra- 
methylphenylendiamin, paramidophenol, creasote, and other sub¬ 
stances. Hydrogen peroxid must be present in these reactions. 

The reactions of peroxydases have been studied by Kastle and 
Porch. The authors found that the power of milk to induce 
oxidation of leuko- compounds is intensified by certain sub¬ 
stances of the phenol type. Phenolphthalein, guaiacum, and 
paraphenylendiamin accelerate the reaction, and these substances 
can be used with certainty as peroxydase reagents. Fresh milk 
from different cows shows different peroxydase activity. They 
have further shown that by means of the peroxydase reaction, 
modified by addition of phenol accelerators, raw milk can be 
distinguished from cooked milk, and raw milk from milk heated 
to 70° C. or somewhat higher for short intervals. Milk heated 
to 60° C. for twenty minutes increases the intensity of the reac¬ 
tion slightly, while milk heated to 70° C. for one hour or to 75° C. 
for twenty minutes no longer gives a peroxydase reaction. Per¬ 
oxydase intensifiers are trikresol, phenol, and beta-naphthol. 
Most of the experiments were carried out with trikresol. One 
c.c. of a 1 per cent, solution of trikresol was added to 5 c.c. of milk. 

The optimum temperature of peroxydases is 25° C., and they 
are destroyed at 72° to 75° C. Prolonged heating at 70° C. is 
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not detrimental, but heating for ten to fifteen minutes at 72° C. 
and instantaneous heating at 76° C. are destructive. 

Peroxydases act best in neutral or slightly acid media; they 
are not precipitated with the casein, but remain in the filtrate. 
Excess of hydrogen peroxid is detrimental, but formaldehyd 
intensifies the reaction and protects the enzym to some extent 
against heat destruction. Milk that has been heated and has 
become inactivated is reactivated by addition of formaldehyd. 
The guaiac reaction is not influenced by formaldehyd. 

Reductases .—Fresh milk reduces sulphur to hydrogen sulphid 
and decolorizes pigments, such as indigo, litmus, methylene-blue, 
etc. This property is due to the presence of reductases. The 
reducing property is lost when milk is heated above a certain tem¬ 
perature. Three kinds of reductases have been distinguished, 
namely: 

1. Hydrogenase, which reduces sulphur to hydrogen sulphid. 

2. Reductase, which reduces methylene-blue. 

3. Aldehyd-catalase, which reduces methylene-blue with for¬ 
maldehyd. 

It is probable that all these reactions are due to the presence 
of but one enzym. 

Reductases are present in cream in greater quantity than in 
milk; they are precipitated with the casein and do not pass through 
a porcelain filter. They cannot be recovered from cream by water 
or sodium chlorid solution. They act best in slightly alkaline 
media. Reductases are constantly present in cow’s milk, but 
have not been found in human and goat’s milk. 

Reductases are probably bacterial products, since sterile raw 
milk does not reduce sulphur to hydrogen sulphid. Furthermore, 
the reducing power increases when milk stands for some time, 
and finally, boiled milk is reactivated by inoculation with raw 
milk. 

Schardinger’s reductase, which acts on methylene-blue and 
formaldehyd, has been also called indirect reductase and aldehyd 
reductase. Seligmann assumes that formaldehyd plays a r61e with 
the reductases similar to that played by hydrogen peroxid with 
the indirect oxydases. Excess of formalin injures the enzym. 

It is clear that up to the present it h»« not been possible to 
show with certainty that there are any true milk enzyms. It is pos¬ 
sible that bacteria are able to produce all the enzyms that so far 
have been found in milk, and it is difficult to exclude bacterial 
action from milk. To prove the presence of inherent milk enzyms 
it is necessary to obtain milk directly from the mammary glands 
in sufficient quantity to carry on experiments. This is evidently 
a difficult problem. 
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Based on the presence of some enzyms found in milk several 
tests have been devised for the purpose of detecting whether milk 
has been heated to a certain temperature to control pasteuriza¬ 
tion, or to simulate raw milk. Some of these tests depend upon 
color production from colorless compounds by oxidation by a 
peroxydase or superoxydase in presence of hydrogen peroxid. 
Other tests depend upon the reduction of colored compounds 
by reductases. When the temperature applied has been high 
enough to destroy the enzyms there is no reaction, but the tempera¬ 
ture required by different enzyms is not the same, and therefore 
it was expected that the tests would be of considerable value. 

However, no reliable test depending upon destruction of en¬ 
zyms has been devised that can be applied to milk pasteurized at 
low temperature. Whether such a test is possible can only be 
determined by patient research among the enzyms usually found 
in milk. 

The reducing power of milk has also been used for a rough 
estimation of bacterial pollution, since bacteria have the property 
of decolorizing methylene-blue. The following method is prac¬ 
tised for this purpose: A methylene-blue solution is prepared by 
dissolving 2 grams methylene-blue in 100 c.c. 50 per cent, alcohol. 
The test is then carried out in this manner: Place in test-tubes 
falling amounts of milk from 1 to 0.05 c.c., add to each tube 3 
drops of the methylene-blue solution, and fill with boiled milk 
to a volume of 10 c.c. As control fill a tube with 10 c.c. of the 
same boiled milk and 3 drops of methylene-blue solution. Then 
cover the surface of the mixtures of milk and methylene-blue with 
melted paraffin or paraffin oil and incubate all tubes at 37° C. 
One c.c. of fresh raw milk w'ill be decolorized in one to two hours. 
Old milk or heavily contaminated milk is decolorized in a shorter 
time. Heated milk is decolorized slowly. If heated to 60° C. 
for twenty minutes the milk is decolorized after about six hours, 
while boiled milk takes a much longer time for decolorization. 

The following test for catalase according to Koning is used to 
detect the presence of milk from diseased udders: Place in a 
graduated fermentation tube 5 c.c. of a 1 per cent, solution of 
hydrogen peroxid and 15 c.c. of the milk to be tested. The 
amount of oxygen hbgrated after two hours’ incubation at room 
temperature should not exceed 2.5 c.c. Abnormal milk produces 
more oxygen. Van Slyke states that if milk is more than six 
hours old and more than 4 c.c. oxygen are in the closed arm, the 
milk has been derived from a diseased udder. 

The catalase test is also indicative of heated milk. The test 
may be carried out as follows: 25 c.c. of the milk and 0.5 c.c. of 
Merck’s perhydrol are placed in a fermentation tube, which is 
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incubated at 37° C. for one hour. If the milk was heated to 
62° C. for one minute or more a small amount of oxygen will 
collect in the closed arm, but if heated to 62° C. for one hour, 
or to 66° C. for thirty minutes, or to 68° C. for one minute, no ' 
oxygen is liberated. The test is vitiated if heated milk is inocu¬ 
lated with bacteria or if a small amount of raw milk has been 
added. . 

The following tests also are designed to indicate heated milk; 

Starch’s Test .—20 c.c. of milk are placed in a container and 
10 drops 3 per cent, hydrogen peroxid and 1 c.c. paraphenylen- 
diamin-chlorid solution (2 per cent, aqueous) added. The reac¬ 
tion is negative if milk has been heated to 80° C. or above for a 
short time. Below this* temperature a blue color develops unless 
the milk has been heated for five minutes at 75° C., or for fifty 
minutes at 70° C. Preservatives in milk vitiate the reaction. 

Arnold’s Reaction .—Guaiac resin is dissolved in alcohol or 
acetone to make a 5 or 10 per cent, solution, and 0.5 c.c. of the 
solution mixed with 5 c.c. of the milk to be tested. If the milk 
has been heated to 72° C. for fifteen minutes the reaction is nega¬ 
tive. Heated to 75° C. for five minutes and at 76° C. for one min¬ 
ute the reaction is also negative. A positive reaction is indicated 
by formation of a blue color. 

Instead of a solution of guaiac resin an aqueous solution of 
crystallized guaiacol (1 per cent.) can be used. 

Rothenfusser Reaction .—One gram paraphenylendiamin-chlorid 
is dissolved in 15 c.c. of water. Two grams guaiacol are dissolved 
in 135 c.c. of alcohol. The two solutions should be preserved 
separately and mixed immediately before using. To 100 c.c. of 
milk are added 6 c.c. of a solution of subacetate of lead, and the 
mixture shaken and filtered. To the filtrate are added 2 drops 
hydrogen peroxid (3 per cent.) and 2 drops of the reagent. Raw 
milk turns violet, but if heated above 80° C. remains white. The 
color should appear in one to two minutes. This test is more 
delicate than Storch’s test and is not influenced by formalin, boric 
acid, and salicylic acid when one of these preservatives has been 
used. If boiled milk has been contaminated the reaction remains 
negative. 

Bemidin Test .—In presence of hydrog^ peroxid benzidin is 
changed by peroxydase action into an azo-compound and a blue 
color is produced. Execution of the test: Prepare an alcoholic 
solution of benzidin, 4 parts benzidin in 100 parts alcohol; add 
2 c.c. of this solution to 10 c.c. of the milk, and then 2 to 3 drops 
of 30 per cent, acetic acid. Then add carefully without shaking 
a few drops hydrogen peroxid. If the milk was heated above 
79° C. no color appears. 
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All the above teste depend on the presence of peroxydases in 
milk. 

Schardinger’s Test .—This test depends upon the decolorizing 
. action of a reductase in milk. The original test devised by Sehard- 
inger was made with methylene-blue, but later a small amount of 
formalin was added which rendered the test more sensitive. The 
reagent is composed of 5 c.c. of a saturated alcoholic solution of 
methylene-blue, 5 c.c. of formalin, and 190 c.c. of water. To 1 c.c. 
of this reagent 20 c.c. of the milk are added. The mixture is im¬ 
mediately covered with a layer of melted paraflBn or paraffin oil 
to exclude the oxygen of the air. The tube is placed in a water- 
bath at 45° C. If the milk was heated above 72° C. the color 
disappears. The reductase is destroyed at somewhat lower tem¬ 
perature than the peroxydase, and this test, therefore, has a larger 
range of temperature than teste depending on peroxydase reactions. 
If the tube is kept at 37° C. instead of 45° C. a negative result is 
obtained if the milk was heated for five minutes at 65° C. Below 
65° C. the reaction is doubtful. Dccolorization may be partial, 
but whether such partial dccolorization can be used as an indica¬ 
tion of heating has not been definitely determined. 
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THE TRANSMISSION OF TOXINS AND ANTIBODIES 
THROUGH MILK 

During the process of milk secretion, proteins, carbohydrates, 
and fats of the body are so altered as to form the normal con¬ 
stituents of milk. Since casein, lactalbumin, butter-fat, and 
milk-sugar occur in milk and in no other place in nature, it is 
assumed that they are transformation products of proteins, fats, 
and carbohydrates contained in the system of the milk-producing 
mammal, and that these substances do not pass through the mam¬ 
mary gland unaltered. On the other hand, it has been shown 
that some substances can pass into the secretion without under¬ 
going material alteration. Such substances as potassium iodid, 
sodium salicylate, mercury and arsenic compounds, bromids, 
carbolic acid, aspirin, ether, chloroform, turpentine, and asafet- 
ida have been given to cows and then have been recovered from 
the milk. It is conceivable, therefore, that vegetable poisons 
may reach the mammary secretion if the animal, while grazing, 
should eat poisonous plants. As a matter of fact, essential oils 
occasionally appear in the milk when aromatic food is taken. 
These oils are not necessarily poisonous, but they impart unpleas¬ 
ant flavors to milk and may prove injurious if fed to infants. 

However, all such substances that may appear in the milk 
are present in highly diluted form, and the probability of injurious 
consequences after the consumption of such tainted milk is not 
great. 

Similarly, it is conceivable that toxins may appear in the 
milk either through the food of the mother or from her circula¬ 
tion if the mother is suffering from a bacterial infection. 

The term “toxin” is now commonly used to mean substances 
which may be related to proteins, but which do not possess the 
general properties of proteins. The chemical composition of 
toxins and their structure are not known. Introduced in the 
animal body they induce the formation of immune bodies similar 
to the antibodies produced in living animals and man when foreign 
colloidal substances invade them. There are many kinds of these 
antibodies, but the discussion of these does not come within the 
scope of this work. The reader is referred to any good treatise 
on immunity, hygiene, bacteriology, or pathology. .The anti¬ 
bodies formed after the introduction of toxins in the body are 
known as antitoxins. 
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Toxins are produced by some animals (snake venom, spider 
poison), plants (abrin, ricin, crotin), and by some bacteria. Bac¬ 
terial and animal poisons are usually haimless to adults when 
taken through the alimentary tract, but may not be harmless in 
the infant’s digestive tract. Most toxins, when introduced into 
the digestive tract, are decomposed by digestive ferments and 
rendered harmless. The poison produced by the bacillus of 
botulism is a notable exception to this rule. In the digestive tract 
of infants there is no such digestion of toxins, and their intro¬ 
duction may therefore be followed by grave consequences. How¬ 
ever, the toxins—if present at all in the milk—are there in rela¬ 
tively small quantities, and, furthermore, the mother is not able 
to nurse her infant if she is suffering from a serious toxemia. 

Vegetable poisons exert their poisonous influence from the 
alimentary tract, but probably rarely occur in milk, since the 
plants from which they are derived are not common in pastures. 
It has not been conclusively shown that vegetable poisons pass 
through the normal mammary gland into the secretion. 

The transmission of antibodies with milk from the mother to 
the young is of much interest and perhaps of value in regard to 
the health of the infant. There is a popular impression that dur¬ 
ing the first year of life infants are not highly susceptible to dis¬ 
eases, such as scarlet fever, measles, whooping-cough, and typhoid 
fever. This impression has been entertained chiefly in regard to 
breast-fed infants. Whether the idea is in accord with facts has 
not been proved, and it must be admitted that other factors may 
cause this seeming immunity. For example, a young baby, as 
a rule, is not exposed to infection to the same extent as older 
children, as it does not come in as close contact with other children. 

The transmission of immune bodies to the young was thor¬ 
oughly studied by Ehrlich. Previous to his experiments some 
observations were recorded which showed that immunity was 
present in the young, but whether it was communicated before 
birth or afterward with the milk was not clear. By an ingenious 
experiment Ehrlich was able to show that antitoxins actually pass 
with the milk into the system of the suckling. He took young 
mice born of a normal mother and had them fed by a mother that 
had been actively ijnmunized. The immunity of the foster 
mother was transmitted to the young. When the mother was 
passively immunized antitoxins were also transmitted through the 
milk to the young. 

Ehrlich was able to show by experiment that— 

1. Immunity is not conferred from father to child. 

2. Immunity may be transferred before birth from mother to 
child. 
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3. Immunity may be transmitted through the milk from ac¬ 
tively immune and passively immunized mothers. 

Antibodies, as a rule, are united with the pseudoglobulin frac¬ 
tion of the blood protein. The amount of globulin in normal milk 
is exceedingly small, and consequently antibodies can exist only 
in relatively small quantity. The amount of antitoxin found in 
milk is from one-fifteenth to one-thirtieth the amount contained 
in the blood. In colostrum the globulin content is much greater 
than in normal milk, and this fact may account for the relatively 
large quantity of antibodies in colostrum milk. The globulin 
content diminishes as lactation progresses and, with this decrease, 
antibodies also decrease. 

Romer and Much showed that when the mother was injected 
with tetanus antitoxin during the first seven days after birth the 
intestinal mucosa of calves allowed ten times as much antitoxin 
to pass into the circulation as during the fifth to twelfth days. 
They showed further that when tetanus antitoxin was mixed with 
milk and fed to calves from bottles the relative amount that 
passed through the intestinal mucosa was similar to the above 
results, but the absolute amount was only about one-tenth. This 
shows that antitoxin mixed with milk does not pass from the 
digestive tract as readily as when it is injected into the mother and 
then fed from the breast, or as when the mother has acquired the 
antitoxic immunity. The authors assume that the horse-serum 
undergoes a material alteration when passing through the cir¬ 
culation of the mother into the milk, and that by this alteration 
it becomes more readily absorbable by the intestinal mucosa. 

It is clear from these experiments that antitoxin passes into 
the circulation of the young from the milk whether the mother has 
been actively or passively immunized. But the amount of anti¬ 
toxin that actually passes is substantial only during the first few 
days after birth. This is due to two causes, namely: 1, To the 
presence of large quantities of antitoxin-globulin in the early 
secretion, but the quantity diminishes as lactation progresses; 
2, to a condition of the intestinal mucosa which permits passage 
of the globulins and which rapidly disappears. 

The amount of antitoxin in the system of the young is further 
influenced by the length of the lactation ^period. In mammals 
with a lactation period of short duration the amount of antitoxin 
transmitted through the milk is smaller than in mammals with a 
long period of lactation. 

It is not definitely known whether antitoxin introduced with 
milk from a different species of mammal enters the circulation in 
sufficient quantity to of real value to the young. There can 
be little doubt, however, that limited amounts actually pass 
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through the intestinal mucosa of the young mammal into the 
circulation. 

Most of the studies on transmission of antibodies through milk 
have been carried on with antitoxins. However, some evidence 
is at hand which seems to indicate that other immune bodies may 
be transmitted through milk directly to the suckling. Trans¬ 
mission of agglutinins, bactericidal substances, hemolysins, and 
opsonins (Woodhead and Mitchell) have been observed, and 
even hypersensitiveness seems to be transmissible through milk. 

Agglutinins have been observed in the circulation of the fetus 
and in the milk of immunized mothers. Typhoid fever agglutinins 
especially have been shown to exist in the milk of women suf¬ 
fering or recovering from typhoid fever. 

Experiments as to the transmission of agglutinins through 
milk to the young have not always led to concordant results. 
While some observers claim that this is possible, even though the 
quantity transmitted is small, others were unable to detect the 
presence of agglutinins in the circulation of the young. 

Precipitins have been found in the blood of sucklings, and 
their presence is due to the passage of proteins through the in¬ 
testinal wall. Whole milk and the different milk proteins sepa¬ 
rately can act as antigens. Injection of milk into animals produces 
specific antibodies and a serum containing these antibodies is 
called lacto-serum. In infancy, when milk proteins pass through 
the intestinal wall, or in cases where the intestinal mucosa is in¬ 
jured so that proteins can pass through, precipitins are formed in 
the blood. The presence of precipitins is demonstrated by add¬ 
ing some of the serum to a solution of the particular protein which 
has induced antibody formation. For example, an animal treated 
with cow’s milk will produce precipitins which react only with 
cow’s milk; or if bovine casein is injected, the blood-serum of the 
animal will develop precipitins to bovine casein and not to casein 
of another kind of milk. It is possible by means of the precipitin 
reaction to detect adulteration of one kind of milk with that of 
another mammal. If, for example, goat’s milk has been mixed 
with cow’s milk, this can easily be detected. Milk from one 
mammal, if heated to the boiling-point, can still be distinguished 
from milk of another species by this biologic test. Even if de¬ 
composed, as in ripened cheese, the kind of milk used can be 
determined. However, the specificity of the reaction is not 
strictly confined to the milk of the same species, as milk from 
closfly related species will react, although in lesser degree. 

Precipitins, like agglutinins, belong to the second order of 
immunity, according to Ehrlich’s hypothesis. 

Hemolysins and bactericidal substances belong to the third 
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order of, antibodies in Ehrlich’s theory of immunity. Antibodies 
of the third order require the presence of two substances before 
they can react, namely, the amboceptor, which is the true im¬ 
mune body, and the complement, which is a substance present in 
normal blood. When either of these substances is lacking the 
presence of the other cannot be detected. The failure to find 
bactericidal substances in milk may be due, therefore, to the 
absence of complement, although amboceptor may be present. 
When milk is taken by the young mammal the amboceptor, if 
present, may pass into the circulation, where it is activated by 
the complement of the blood. It is possible then that antibodies 
of Ehrlich’s third order are present in milk, but escape detection 
in absence of the complement. But the amboceptor passes into 
the blood of the young and its presence can then be demonstrated, 
since complement is normally present in blood. 

Some investigators have found hemolysins and bactericidal 
substances in milk, while others have failed to find them. Since 
complement is frequently absent in normal milk or present in 
small quantity, it seems probable that the amboceptor is com¬ 
monly present, but remains inactivated because of lack of com¬ 
plement. 

In abnormal milk derived from diseased animals complement 
is more abundant than in normal milk, and bactericidal substances 
and hemolysins are readily detected. 

Applying the principles of immune body formation, several 
interesting biolagic tests have been devised by means of which 
adulteration of the milk of one mammal with milk from another 
can be detected. Bauer claimed that he was able to find cow’s 
milk in human milk in the proportion of 1 :1000. By similar 
tests mastitis milk or colostrum milk, if mixed with normal milk, 
can be detected. However, these methods have not been prac¬ 
tised to a great extent, and it is unwise at this time to consider 
them entirely satisfactory. As a rule, biologic tests take much 
time and expensive material, and, furthermore, they require such 
skill and experience that competent operators are necessary to 
conduct them. On the other hand, their usefulness cannot be 
questioned, since early discovery of pathologic conditions of an 
animal makes it possible to eliminate it from the herd before 
clinical symptoms are sufficiently obvious. It is highly probable 
that with more experience and research biologic tests will develop 
which may become highly useful. Descriptions of certain biojogic 
tests are here given: 

The Precipitin Test.—A rabbit is injected intraperitoneally or 
intravenously with a few cubic centimeters of a certain milk sus¬ 
pected of having been used as an adulterant. The injection is 
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repeated every four or five days for three weeks or at close inter¬ 
vals. The blood-serum of tto rabbit will then produce a pre¬ 
cipitate with highly diluted milk of the same species, but no 
precipitate with other kinds of milk. However, there are two 
complicating factors in this test, namely: 1, the milk must be 
diluted highly enough to be fairly clear, otherwise a slight pre¬ 
cipitate cannot be observed; and 2, when milk is highly diluted 
relatively small amounts of the adulterant escape detection. 
Furthermore, it should be remembered that the precipitin reaction 
is not strictly specific and a precipitate will be formed with milk 
from mammals closely related to each other. 

The precipitin test is carried out by placing 1 c.c. of the milk 
diluted 1 :1000 in physiologic salt solution in a test-tube and 
allowing a few drops of the immune rabbit serum to flow down the 
inside wall of the tube. The reaction is positive when a white 
disk forms at the juncture of the two fluids. The fat should be 
removed from the milk before dilutions are prepared. 

The Complement-fixation Test (Bauer).—This test is more 
complicated than the previous one, but can be used with milk in 
relatively low dilutions, and it is strictly specific. For this test 
the following material has to be prepared; 

1. Amboceptor Serum .—In each of a aeries of ten to twelve 
tubes place 1 c.c. of a 5 per cent, suspension of washed sheep 
corpuscles and 0.1 c.c. of guinea-pig serum (complement). To 
the mixture add in falling amounts from 0.01 to 0.0001 c.c. of 
inactivated amboceptor serum. This is prepared from rabbits 
injected several times with the 5 per cent, suspension of sheep 
corpuscles. It is inactivated by heating to 56° C. for thirty 
minutes. One tube is left without amboceptor serum as control. 
The amboceptor serum must be suitably diluted with physiologic 
salt solution in order to obtain the proper quantities. 

After all the tubes have been filled, enough salt solution is 
added to each one to bring the volumes up to a definite amount. 
Then all tubes are placed in an incubator at 37° C. and left for 
two hours. After this time one of the tubes will show which 
amount of amboceptor serum produces complete hemolysis. 
Twice this amount is taken as the titer of the serum. It may be 
kept in a frozen eolation for a long time. As a minimum titer 
for practical use 0.001 to 0.0005 c.c. should be sufficient to produce 
complete hemolysis with 1 c.c. sheep corpuscles and 0.1 c.c. guinea^ 
pig serum. 

2. Complement .—Place in each of a series of about eight tubes 
one dose of the amboceptor serum, 1 c.c. suspension of washed 
sheep corpuscles, and fallmg amounts of suitably diluted com¬ 
plement serum in quantities of from 1 c.c. to 0. Then add enough 
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salt solution to bring the mixtures to a uniform volume and 
incubate the series at 37° C. The titer is twice the smallest 
amount of complement which produces complete hemolysis. 

3. Lactoserum .—This is a serum from a rabbit repeatedly 
injected with the milk. Place in each of two series of eight tubes 
falling amounts of lactoserum, suitably diluted with physiologic 
salt solution, in quantities of from 1 to 0 c.c. To each tube of the 
first series add 0.1 c.c. of milk in a dilution of 1 :100. No milk is 
added to the second series. Then add to each tube of both series 
the amount of complement determined under No. 2. Place both 
series for one hour in an incubator at 37° C. Then add to all 
tubes 1 c.c. of the 5 per cent, suspension of washed sheep cor¬ 
puscles and the amount of amboceptor serum determined under 
No. 2. After mixing, incubate at 37° C. for two hours. 

The second series without milk (antigen) should show hemol¬ 
ysis in all tubes. The first series should show hemolysis accord¬ 
ing to the relative potency of the lactoserum. For the real test 
that amount of lactoserum is chosen which is slightly in excess of 
the smallest amount producing complete hemolysis. 

The Test .—Place into each of a series of six tubes— 

1. Falling amounts of the milk to be tested, suitably diluted 
(0.1 to 0.00001 c.c.). No milk is placed in the last tube. 

2. The amount of lactoserum determined under No. 3. 

3. The amount of complement determined under No. 2. 

After one hour’s incubation at 37° C. add to each tube 1 c.c. 

of the 5 per cent, suspension of washed sheep corpuscles and the 
amount of amboceptor serum determined under No. 1. As con¬ 
trol, fill another series of tubes with the same mixture, omitting 
the lactoserum. Incubate all tubes for two hours at 37° C. At 
the end of this period all tubes of the second series should show 
complete hemolysis. The tubes of the first series will show more 
or less inhibition of hemolysis if a foreign milk is present. 

Anaphylactic Method .—If a guinea-pig is injected with a dose 
of a certain milk and the injection repeated after about twelve 
days, it will show serious symptoms of poisoning and may die. 
If a different protein is injected the second time,, no symptoms 
appear. If there is reason to suspect that goat’s milk has been 
mixed with cow’s milk a guinea-pig is injefted with pure cow’s 
milk and after twelve days with the suspected goat’s milk. If 
cow’s milk was actually present in the goat’s milk, anaphylactic 
symptoms will appear. If the goat’s milk was pure, no symptoms 
will appear. 

Terts for Mastitis and Colostrum Milk. —Milk from cows suf¬ 
fering from mastitis and colostnim milk contain complement in 
appreciable quantity, while normal milk contains only traces or 
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none. Therefore, if a test shows that complement is present, the 
conclusion is justified that the milk contains either mastitis milk 
or colostrum. Mastitis milk can be distinguished from colostrum 
milk by microscopic examination. The complement appears in 
the milk when mastitis is in an early stage of development, so 
the disease can be diagnosed by this method before clinical symp¬ 
toms are pronounced. The test after Bauer and Sassenhagen is 
made as follows: Three series of seven tubes each are filled in this 
manner: The first series contains amounts of the milk to lie 
tested from 1 down to 0.1 c.c. and a tube without any. To the 
milk is added enough physiologic salt solution to bring the volume 
in each tube to 1 c.c. Then 0.2 c.c. inactivated sheep serum and 
1 c.c. 1 per cent, suspension of washed rabbit corpuscles are 
added to each tube. The contents are mixed and the tubes placed 
in an incubator at 37° C. for two hours. The second series of 
tubes is filled with the same material except that the milk is pre¬ 
viously heated to 56° C. for thirty minutes. The third series 
also contains the same material except that, in place of the test 
milk, milk from a healthy cow is used. The cream should always 
be removed from milks used for these tests. All tubes are incu¬ 
bated for two hours at 37° C. 

Interpretation of Results .—If the corpuscles have not laked, 
they settle to the bottom of the tubes and the milk remains 
white. If the milk is colored, some of the corpuscles have laked 
and hemoglobin has gone into solution. Therefore, whenever a 
tube shows that the milk is colored, complement was present. 
The quantity of complement can be judged by the number of 
tubes showing hemolysis. If much complement is present, tubes 
1 to 6 are colored; if complement is present in small amounts, 
only one or two are colored. The seventh tube, which contains 
no milk, should never be colored, otherwise the sheep serum is 
useless. The second series, which contains heated milk, never 
shows hemolysis because the complement, if present, has been 
destroyed by heat. This series, therefore, serves as a guide for 
the first. 

Sometimes normal milk contains small amounts of complement. 
The amount is usually so small that no hemolysis appears, but in 
some cases slight lading may take place. For this reason the 
third series of tubes has been prepared. This series contains 
normal milk, and if hemolysis develops in this series it shows that 
the suspension of sheep corpuscles is not in good condition. It is 
well, therefore, to make preliminary tests of the sheep corpuscles 
that are to be used, and find a suspension which shows no hemol¬ 
ysis with normal cow’s milk. 

If there are colored tubes in the first series the proof is at hand 
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that the milk actually contained complement, indicating colos¬ 
trum or mastitis milk. 

Test for Rennin Inhibition (Schem).—MUk from sick cows or 
colostrum milk requires more rennin for coagulation than normal 
milk. For this test the milk must be fresh and contain no free 
acid. The chemical reaction should be the same as normal milk. 
Rennet of known potency is diluted with physiologic salt solution 
1 :10, 1 :20, 1 :30, etc. Of each of these dilutions, 0.5 c.c. are 
mixed with 4.5 c.c. milk. The relative dilution must be judged 
according to the potency of the rennet. The tubes containing the 
mixtures are placed in an ice-chest for an hour and then in a 
water-bath at 37° C. Normal milk will be found coagulated after 
this time, while abnormal milk will not. Small differences are 
negligible. 

BIBLIOGRAPHY 

Bauer: Die Methodik der Biologischen Milchuntersuchung, Stuttgart, 1913, 
Ferdinand Enke, 

Ehrlich; Zeitschr. f. Hygiene, 1892, vol. 12, p. 183. 

Ernst: Grundriss der Milchhygiene fiir Tierfirste, Stuttgart, 1913, Ferdinand 
Enke. 

Rhmer; Sommerfeld’s Handbuch der Milchkunde. 

Romer and Much; Quoted from Sommerfeld’s Handbuch. 

Woodhead and Mitchell: Jour, of Pathology and Bacteriology, 1906-7, vol. 



THE GERMICIDAL ACTION OF FRESH COW’S MILK 

In the preceding chapter it has been shown that antibodies of 
various kinds may be transmitted to the milk from the circula¬ 
tion. Therefore it is not surprising that many investigators be¬ 
lieve they have demonstrated an actual germicidal property in 
fresh cow’s milk. 

It has been noted that there is no increase of bacteria in the 
milk while in the udder. On the contrary, when cultures of bac¬ 
teria have been injected into the udder, it has been difficult to 
recover them after the lapse of some time. Furthermore, it is 
generally assumed that bacteria actually present in the udder 
have gained access from the outside. If this is tr,ue, it is natural 
to expect to find a variety of species in the milk while in the 
udder; as a matter of fact, however, micrococci are predominant, 
while other species are exceedingly scarce, indicating that there 
is some restraining influence at work in the udder which perhaps 
persists for some time after the milk has been drawn. This influ¬ 
ence may affect different kinds of bacteria to a greater or lesser 
degree, and this assumption would explain the dying off of most 
species, while micrococci are but slightly restrained. But even 
micrococci are present in relatively small numbers, considering 
the fact that a good food substance and a favorable temperature 
furnish good conditions for growth in the udder. 

It has been assumed by some that the leukocytes are respon¬ 
sible for the disappearance of bacteria in the udder. This view 
has been advocated chiefly by Rullmann and Trommsdorff, who 
have stated that there is a definite relation between the germicidal 
property of fresh milk and its cellular content. Rosenau and Mc¬ 
Coy do not agree with this view, but believe they have demon¬ 
strated that the germicidal property of milk is independent of the 
number of cells present. However, Luckhardt and others have 
shown clearly that phagocytes actually occur in milk not uncom¬ 
monly, although it has not been shown whether the number of 
bacteria disposed of ^ phagocytosis is suflSciently great to cause 
a decided decrease. 

Fokker was the first to suggest the presence of bactericidal 
substances in fresh milk. He drew goat’s milk under aseptic 
precautions and boiled one portion of it. After inoculating both 
the boiled and raw rfiilk with lactic acid bacteria he found that 
the boiled milk turned sour before the raw milk did. He con- 
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eluded from this observation that the bacteria multiplied at a 
greater rate in boiled milk than in raw milk. Fokker’s work 
stimulated a number of other investigators to take up the problem. 

The results are not concordant, and while there are those who 
firmly believe in the existence of a germicidal property in fresh 
cow’s milk, even though a feeble one, others maintain that bac¬ 
tericidal substances do not exist in milk. 

Ehrlich and Brieger in 1893 demonstrated that antitoxins and 
bactericidal substances may be transmitted through milk. Uffel- 
mann. Park, Hunziker, Koning, Kolle and his co-workers, and 
Hippius are among those who believe in the presence of bacteri¬ 
cidal substances in milk. 

Park does not think that the germicidal effect is of sufficient 
intensity to be of practical value. Kolle and his collaborators 
carried on extensive experiments which indicate that milk has a 
bactericidal property which affects cholera spirilla, but does not 
affect Bacillus fyphosus, B. dysenterise, B. coli, and B. enteritidis. 
However, according to these authors, fresh milk has a restraining 
property for dysentery bacilli, but in small measure only and in 
negligible quantity for Bacillus typhosus, B. paratyphosus, B. 
coli, and B. enteritidis. 

Marshall found that the number of bacteria in fresh milk may 
be reduced to one-fortieth, Hunziker to one-tenth the original 
number, while Klimmer noted a less marked reduction, and con¬ 
cluded that bacteria are merely restrained, not destroyed. 

Hunziker’s work not only confirmed the presence of a germi¬ 
cidal property in fresh milk, but showed that it was more marked 
—although of short duration—at 37° C. than at lower temperature. 

While Hesse recorded the destruction of cholera spirilla in 
fresh milk, Basenau took the opposite view, claiming that cholera 
spirilla multiply readily in fresh milk. 

More recently v. Beliring has claimed that milk possesses a 
bactericidal property similar to that of blood, and that this 
property is enfeebled by heating the milk to 60° C. for thirty 
minutes. He thinks that heated milk, having had its immune 
bodies destroyed or diminished, is not suitable for infant feeding. 

St. John and Pennington found that heating to 79° C. de¬ 
stroyed the restraining property of fresh* milk, and concluded 
that pasteurized milk permits greater multiplication of bacteria 
than does raw milk. Ayers and Johnson hold a different view 
and have stated that when the initial number of Bacteria in pas¬ 
teurized and raw milk is approximately alike the rate of multiplica¬ 
tion is also similar. It should be remembered, however, that if 
there is any difference in the rate of growth of bacteria in raw and 
pasteurized milk, this phenomenon would be manifest only when 
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the raw milk is quite fresh. When a few hours old the germicidal 
property rapidly disappears. 

According to Evans and Cope the bactericidal property of 
fresh milk is destroyed at 68° C. and injured at 55° C. The 
authors further claim that the germicidal property exerts its 
influence only on some types of bacteria, while others are merely 
restrained. The property also varies in milk from different 
animals. 

Rosenau and McCoy think that the presence of agglutinins is 
an important factor in bringing about the apparent reduction of 
bacteria in fresh milk. They have shown that when milk is 
violently shaken the number of colonies does not decrease, and 
this observation leads the authors to conclude that the milk, after 
standing, causes the bacteria to clump, and that, therefore, fewer 
colonies appear on the plates, although the actual number of cells 
may- not have been reduced. This view seems to be supported 
by the fact that in centrifugalized milk the colony count is greater 
than in the same milk before centrifugation. 

Brudny, working with Bacillus coli, observed that this organ¬ 
ism is restrained in fresh milk, or even injured to such a degree as 
to acquire altered properties. 

Heinemann and Glenn found a distinct relation between the 
decrease of numbers of a certain type of bacteria inoculated 
into milk and the agglutinative property toward the same type 
of the serum prepared from the same milk. The higher the 
agglutinative property of the milk-serum, the more marked was 
the reduction in the number of colonies counted. 

Stocking takes the position that among the large number of 
bacteria which gain access to milk, many find themselves in an 
unfavorable environment and die. This phenomenon, the author 
thinks, explains the so-called germicidal property of fresh milk. 
In agreement with this view is an observation of Coplans, who 
assumes that bacteria, when dropping into a new medium, remain 
dormant for a time before beginning to multiply. It seems dif¬ 
ficult, however, to harmonize this hypothesis with all the facts 
observed. 

The majority of investigators agree on the point that in fresh 
milk there is not a ma»ked multiplication, but that, as a rule, there 
is a limited decrease. The following figures may illustrate the 
degree to which bacteria actually seem to diminish in fresh milk 
if the colony count is taken as index (Heinemann and Glenn): 

NUMBER OF BACTERIA IN FRESH MILK AT TWO-HOCE INTERVALS 

Drigin*! mmlwr. JOO 1100 IMO 500 1000 600 300 600 

After two twurs. 400 200 600 1300 1000 200 0 1400 

After four hours. 300 0 400 1800 400 100 800 3400 

After sir hours. 600 300 300 2300 MO 200 1000 6600 

After eight houra. 1000 4300 900 3200 1000 200 1100 6300 
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These figures show that the decrease, when it really exists, is 
relatively small and hardly comparable to the germicidal action of 
fresh blood. In some instances there is no decrease, but rather 
the reverse. When .there is an actual decrease, this may continue 
for four to six hours at 37° C., after the lapse of which time there 
is usually a consistent increase. 

The estimation of numbers of bacteria in practically all the 
work reported was made by counting the colonies formed. It is 
clear that this method has its limitations, as it is not possible to 
determine whether each colony originated from one or more cells. 
The method takes no account of the possible clumping of bacteria, 
with an apparent instead of a real reduction in numbers. 

Furthermore, bactericidal substances would destroy bacteria 
in large numbers, while the figures show merely a limited reduc¬ 
tion. Agglutinins, on the other hand, would cause a smaller 
colony count, without diminution of bacteria as a necessary con¬ 
sequence. 

Rosenau and McCoy, Heinemann and Glenn, and others have 
shown that the restraining property of fresh milk does not act 
alike on all kinds of bacteria. In fact, some types do not seem 
to suffer, but hold their own or even increase. This fact may 
account for some variations in results obtained by different in¬ 
vestigators since the bacterial flora of milk is a variable one. 
When those bacteria that are sensitive to the germicidal action 
predominate in a given sample of milk a marked reduction of 
numbers will be noticeable; and when the bacteria that are un¬ 
affected predominate the count will remain the same or increase. 
This is graphically illustrated in Fig. 83, which shows the relative 
effect of heating milk to 56° and 75° C. 

The milk used in these experiments was drawn fresh from the 
cow under aseptic precautions and contained small numbers of 
bacteria. The chart shows that even in the first two hours raw 
milk shows a slight bacterial increase if the average number of 
fifteen samples is taken. After four hours there is a decided 
increase. When the milk is inoculated with large numbers of 
bacteria growth is restrained for two hours, and then there is an 
increase which becomes more marked after four hours. If the 
milk is heated to 56° C. bacteria apparently multiply from the 
start, and if heated to 75° C. this seeming increase is more pro¬ 
nounced. After a lapse of two hours the increase in heated milk 
is quite rapid. 

Rosenau and McCoy have shown that the degree of vigor 
employed in shaking the sample of milk has some influence on 
the number of colonies appearing. With vigorous shaking the 
number is, as a rule, larger than with moderate shaking. This 
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phenomenon argues in favor of the presence of agglutinins, and 
it must be assumed that agglutination is at least one of the factors 
that produce the results ascribed to a germicidal propertji in fresh 
milk. 

The possible presence of other antibodies is not excluded, 
however. Bactericidal substances do not react unless comple¬ 
ment is present, and it is believed by some investigators, as stated 
before, that milk contains complement in but small quantity, if 



'■ " Raw mflk. — - — -• MUk heated to j6*. 

- • • - - Raw mHk Inoculated. —“ - - - — - - - Milk heated to 73*. 

Fig. 83.—Relative growth of bacteria in raw milk, raw milk inoculated, and 
inoculated milk previously heated to 56° and 75° C. 

at all. In the absence of complement, bactericidal substances 
cannot be instrumental in reducing numliers of bacteria. In 
colostrum milk, however, complement is usually present, and this 
fact and the presence of relatively large numbers of leukocytes 
may explain the marked reduction of bacteria in the early secre¬ 
tion. This phenomenon has been observed by several investi¬ 
gators, notably Koning and Rullmann and Trommsdorff. 

The actual facts in regard to the so-called germicidal property 
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of fresh milk are these: A moderate decrease of bacteria, when 
estimated by the colony count, is frequently observed in fresh 
milk. The reduction is marked at 37° C., but of short duration, 
lasting from four to six hours. At lower temperature the reduc¬ 
tion is less definite, but is observable for a period of twelve or even 
twenty-four hours. At 56° C. the reduction becomes less appar¬ 
ent, and when the milk is heated to 68° C. or above no reduction 
is noticeable. The decrease in numbers varies with the pre¬ 
dominant kind of bacteria present and with the source of the 
milk. Typical lactic acid bacteria seem to be but slightly af¬ 
fected by the restraining property of fresh milk and multiply 
substantially from the moment the milk is drawn. 

Freezing seems to have no destructive influence upon the 
germicidal property unle.ss the time factor enters, and dilution of 
milk renders it less apparent. 

The cause of the phenomenon usually called the germicidal 
property of fresh cow’s milk is probably the influence of several 
factors, of which the following are perhaps the most important: 

1. The presence of antibodies; these are chiefly agglutinins and 
bactericidal substances. 

2. The phagocytic action of leukocytes which operates chiefly 
during the colostral period. 

3. The disappearance of micro-organisms that find in milk an 
unsuitable environment. 

4. The fact that some bacteria do not seem to multiply from 
the moment they enter a new environment, but hesitate for a 
brief period. 

5. The presence of lecithin, which has a restraining action on 
bacteria. 

Whatever the true cause or causes of the so-called germicidal 
property of fresh milk may be, it seems certain that it is too feeble 
to be of practical value. It cannot be used successfully as an; 
argument against the practice of heating milk fpr the purpose of 1 
destroying pathogenic bacteria, even though antibodies are partly 
destroyed at the temperature required for pasteurization. As a" 
matter of fact, the germicidal action disappears, as a rule, after 
a lapse of twelve hours, so the keeping quality of mUk is not 
materially prolonged. 
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MICRO-ORGANISMS IN MILK 

It is now generally conceded that milk is secreted from the 
mammary glands in sterile condition. This assumption is borne 
out by experimental evidence, which has shown that at least the 
majority of bacteria do not pass from the circulation into the 
secretion. It has been possible furthermore to obtain sterile milk 
occasionally by inserting a sterile tube into the udder and, finally, 
we know that other body secretions are commonly sterile. 

The milk in the udder, however, contains, as a rule, micro¬ 
organisms, although, as we have seen in the previous chapter, 
multiplication is limited and the actual number present in the 
udder relatively small. When milk is taken from the udder by 
sucking there is small chance for contamination, but when it is 
drawn for supplying the market the operations necessary between 
removal from the udder and consumption are numerous, and with 
each step of the journey from cow to consumer an opportunity is 
offered for the entrance of micro-organisms. 

The dust from the air, filth attached to the udder or coat of 
the animal, foreign matter from the hands of the milker, all these 
sources of bacteria serve to contaminate the milk in the stable. 
The utensils may contribute their share of bacterial pollution— 
strainers, coolers, bottles, cans, pasteurizing machinery, bottle 
caps, and other appurtenances require great care in order to avoid 
heavy pollution. And at best some bacterial contribution is 
added to the milk from all these sources. By careful attention to 
details, however, the number of bacteria in market milk can be 
reduced to a marked degree. 

The entrance of micro-organisms is not the only cause of the 
great pollution of milk. Milk contains all the food substances 
required for enormous multiplication of many types that gain 
access to milk, and the only reliable method of preventing this 
multiplication is keeping milk at low temperature. Provision 
should be made to cool milk as soon as possible after milking. 
During transportation on the producer’s cart, in the railroad car, 
or in the delivery wagon cooling facilities must be provided for, 
to reduce bacterial multiplication to a minimum. Equal care is 
necessary in the home, where cooling facilities are only too fre¬ 
quently poor or wholly absent. 

The distribution of micro-organisms in milk is not a homo¬ 
geneous one, as might be expected. Examination of several sam- 
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pies from the same bottle of milk, even though well shaken, will 
almost invariably give different results, sometimes varying within 
wide limits. This is due in part to the fact that bacteria occur 
largely in clumps, and these clumps are not always easily broken 
up. Furthermore, bacteria cling to suspended matter and, when 
milk stands, many bacteria settle with suspended particles, while 
large numbers adhere to the fat globules and rise to the surface. 
Gravity cream, therefore, contains more bacteria than the skimmed 
milk below the cream line. 

The distribution of bacteria in fresh cream depends in a measure 
upon the method by which the cream is separated. Since bacteria 
cling to the fat globules it is to be expected that a large number 
of the bacteria in the milk rise with the cream. Furthermore, 
bacteria multiply rapidly during the time required for the cream 
to rise, and the temperature best adapted to the process is also 
favorable for bacterial growth. In centrifugal cream conditions 
are somewhat different. The cream is separated from the milk 
immediately after milking, when the temperature is still rela¬ 
tively high, or the cream is separated within a short time, if the 
milk is delivered at a creamery. There is, therefore, no appre¬ 
ciable chance for bacterial growth, although clumps of bacteria 
are broken up during centrifugation. 

The germ content of cream has received the attention of some 
investigators. Russell and Hastings state that gravity cream is 
usually richer in bacteria than separator cream, but that both 
gravity and separator cream have a larger germ content than the 
milk from which they were obtained. This is not surprising in 
gravity cream, since some time must elapse before the cream is 
gathered, but in separator cream the only explanation that is 
offered is the fact that bacteria cling to the fat globules and thus 
escape from the skimmed milk. This view is held by some 
authorities. Scheurler, working with 20 per cent, cream, agrees 
that both gravity and centrifugal cream contain more bacteria 
than the milk before centrifugation, and Niederstadt goes so far 
as to state that the cream contains 75 per cent, and the separator 
milk 25 per cent, of the germ content of the milk. Rolet, after 
centrifugating five samples of milk, found a slightly higher num¬ 
ber of bacteria in th% cream than in the milk. Anderson and also 
Wilkens substantially agree with this view. 

Other workers have obtained wholly different results. Back- 
haus and Cronheim’s experiments indicate that by centrifugation 
the majority of bacteria go into the skimmed milk. Eckles and 
Barnes state that 47 per cent, of the bacteria are thrown into the 
bowl sediment; 29 per cent, are in the skimmed milk, and 24 per 
cent, in the cream. Swithinbank and Newman state that 
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“roughly, 60 per cent, of the organisms will be found in the bowl 
sediment (separator slime); 25 per cent, in the separated milk, 
and 15 per cent, in the separated cream.” 

The writer, together with Luckhardt and Hicks, working with 
40 per cent, cream, found that the skimmed milk running from the 
separator contained an average of 2130 bacteria per cubic centi¬ 
meter, while the cream contained 132 bacteria per cubic centi¬ 
meter and the original milk 738. The cream contained 17 per 
cent, of the germ content of the milk, not taking into account the 
number thrown into the separator shme. The total germ con¬ 
tent per cubic centimeter of the final product after the milk and 
cream were reunited was, therefore, considerably greater than 
that of the original milk. This result is in agreement with the 
work of Severin, who explains the phenomenon on the ground 
that clumps of bacteria are broken up by the centrifugal force, 
and that then the colony count increases, although the actual 
number of cells is diminished by the loss in the bowl sedi¬ 
ment. 

The writer and Class attempted later to harmonize the con¬ 
tradictory results reported by various authorities. The work was 
carried out by regulating a hand separator in such a manner as 
to obtain cream of varying richness. The 99 tests made covered 
cream of different fat content from 16 to above 55 per cent. 
The experiments demonstrated that—1, cream fresh from the 
separator, as a rule, contains less bacteria than the original milk; 
2, the number of bacteria in separator cream decreases propor¬ 
tionately as the fat content increases; 3, the number of bacteria 
in separator milk’ is larger than the number in the milk from 
which it was obtained if the cream contains up to about 35 per 
cent, of fat. Above this percentage the number is smaller; 4, 
the number of bacteria in separator milk decreases proportionately 
with the increase of fat in the separator cream. The results are 
graphically illustrated in Fig. 84. 

Similar results were obtained by Lamson, who states that 
“there is a slight indication that an increase in butter-fat results 
in a decrease in percentage count of bacteria.” 

The decrease of bacteria coincident with the increase of fat 
in centrifugal cream is readily explained by^the following reason¬ 
ing: Bacteria cling to the fat globules and move toward the center 
of the separator, but during this,time the centrifugal force gradu¬ 
ally releases them from the fat and they are thrown into the 
skimmed milk and to some extent into the slime. The longer the 
centrifugal force exerts this influence, the larger is the number 
of bacteria that are released from the fat. The richness of the 
cream in the separator used for these experiments is regulated by 



MICRO-OEGANISMS IN MILK 


261 


a screw which operates so as to hold the cream for a longer or 
shorter period in the separator. The cream becomes more com¬ 
pact and richer in fat the longer it is held subject to the centrif¬ 
ugal force, so that with increasing richness more bacteria are 
removed. 

The reason for the progressive decrease of bacteria in the 
skimmed milk as the cream becomes richer is not clear. Wilkens 
thinks that a large number of bacteria are destroyed by the violent 
rotation of the centrifuge, but this does not explain the facts. 
While the period during which the cream is held in the separator 
increases, it decreases for the skimmed milk, so that fewer bacteria 
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Fig. 84.—Showing relative number of colonies in separator cream and 
milk. Ordinates represent relative numbers of colonies, abscissae represent 
percentage of fat in cream. Solid line = skimmed milk; broken line = cream. 
The 100 line represents the relative number of bacteria in the original milk. 


are thrown into the slime. Since, however, the skimmed milk is 
held for progressively shorter periods, as the cream is held longer, 
the clumps of bacteria are probably broken up in smaller degree, 
and thus the progressive decrease of the germ content in separator 
mUk is partially explained. 

Market milk, it is readily un(ierstood, may contain large num¬ 
bers of bacteria, enormously greater than the number contained 
in the udder. As a matter of fact, unless great precautions are 
taken by producers, shippers, and distributors alike, heavy bac¬ 
terial pollution of milk cannot be avoided. In most cases the 
entrance of bacteria to milk is due to filth which drops into the 
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“roughly, 60 per cent, of the organisms will be found in the bowl 
sediment (separator slime); 25 per cent, in the separated milk, 
and 15 per cent, in the separated cream.” 

The writer, together with Luckhardt and Hicks, working with 
40 per cent, cream, found that the skimmed milk running from the 
separator contained an average of 2130 bacteria per cubic centi¬ 
meter, while the cream contained 132 bacteria per cubic centi¬ 
meter and the original milk 738. The cream contained 17 per 
cent, of the germ content of the milk, not taking into account the 
number thrown into the separator shme. The total germ con¬ 
tent per cubic centimeter of the final product after the milk and 
cream were reunited was, therefore, considerably greater than 
that of the original milk. This result is in agreement with the 
work of Severin, who explains the phenomenon on the ground 
that clumps of bacteria are broken up by the centrifugal force, 
and that then the colony count increases, although the actual 
number of cells is diminished by the loss in the bowl sedi¬ 
ment. 

The writer and Class attempted later to harmonize the con¬ 
tradictory results reported by various authorities. The work was 
carried out by regulating a hand separator in such a manner as 
to obtain cream of varying richness. The 99 tests made covered 
cream of different fat content from 16 to above 55 per cent. 
The experiments demonstrated that—1, cream fresh from the 
separator, as a rule, contains less bacteria than the original milk; 
2, the number of bacteria in separator cream decreases propor¬ 
tionately as the fat content increases; 3, the number of bacteria 
in separator milk’ is larger than the number in the milk from 
which it was obtained if the cream contains up to about 35 per 
cent, of fat. Above this percentage the number is smaller; 4, 
the number of bacteria in separator milk decreases proportionately 
with the increase of fat in the separator cream. The results are 
graphically illustrated in Fig. 84. 

Similar results were obtained by Lamson, who states that 
“there is a slight indication that an increase in butter-fat results 
in a decrease in percentage count of bacteria.” 

The decrease of bacteria coincident with the increase of fat 
in centrifugal cream is readily explained by^the following reason¬ 
ing: Bacteria cling to the fat globules and move toward the center 
of the separator, but during this,time the centrifugal force gradu¬ 
ally releases them from the fat and they are thrown into the 
skimmed milk and to some extent into the slime. The longer the 
centrifugal force exerts this influence, the larger is the number 
of bacteria that are released from the fat. The richness of the 
cream in the separator used for these experiments is regulated by 
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The writer found in Chicago in 108 samples of raw milk 
4,804,300 bacteria per cubic centimeter, and 1,772,100 in 107 
samples of pasteurized milk. 

If milk were a transparent fluid like water these enormous 
numbers would render it turbid, and we would hesitate to con¬ 
sume as food a substance of such appearance. 

These figures do not, however, adequately represent condi¬ 
tions as they exist at the present time. Pasteurization of milk 
has greatly increased, especially in large communities, and the 
number of bacteria is materially reduced by this process. Fur¬ 
thermore, the methods of production have improved, and milk 
with relatively small numbers of bacteria is not as uncommon 
today as formerly. It should also be remembered that numbers 
of bacteria in milk as published are not ol)tained by uniform 
methods, so that the results are by no means comparable. How¬ 
ever, the fact remains that in communities where chiefly raw 
milk is consumed the bacterial pollution is relatively heavy. 

As stated before, the great majority of micro-organisms de¬ 
tected in milk are harmless, but not infrequently the germs of 
infectious diseases gain access. Epidemics of typhoid fever, 
diphtheria, scarlet fever, sore throat, and other diseases have been 
traced to infected milk-supplies. It has been shown further that 
milk infected with bovine tubercle bacilli is not infrequently the 
cause of tuberculosis in children, and such milk is only too com¬ 
mon. Probably in all municipalities where raw milk is sold some 
of it is infected with tubercle bacilli. 

The virus of the diseases mentioned gains access to milk 
through human carriers or infected animals. And we know fur¬ 
thermore that some disease germs are able to multiply in milk at 
an enormous rate when the temperature of the milk is favorable. 
Even at 15° C., a temperature not at all uncommon in market milk, 
there may be multiplication of some disease germs. 

On the other hand, germs may be useful by their action on 
the constituents of milk. Buttermilk, for example, may contain 
600,000,000 to 1,000,000,000 bacteria per cubic centimeter; the 
flavor of butter is largely dependent upon the kinds of bacteria 
active in the ripening of cream; and the aroma and digestibility of 
cheese are the result ef the action of bacteria and molds. None of 
these dairy products can be successfully produced from sterile 
milk, or even from milk containing a relatively small number of 
bacteria, unless the necessary organisms are inoculated, but as our 
knowledge of the bacteria that produce desirable flavors in dairy 
products grows, it becomes more feasible and more desirable to 
use only clean and pasteurized milk for manufacture of cheese, 
butter, and other dairy products. This is the more important, 
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since diseases have also been spread by milk products, and by 
preventing infectious material from entering milk, or destroying 
disease germs by application of heat, the menace from dairy prod¬ 
ucts is reduced. 

Micro-organisms in milk produce profound changes in its 
constituents, and these changes become manifest shortly after 
milking; the larger the number of organisms present, the sooner, 
as a rule, does decomposition commence. Milk proteins are 
broken down by proteolytic bacteria and by molds, the products 
being similar to the proteolytic changes of other proteins. 
Caseoses, caseones, amino-acids, ammonia, hydrogen sulphid, 
phosphoric acid, and gases are some of the bacterial products. 
Lactalbumin is broken down by bacteria into albumoses, peptones, 
amino-acids, etc. Milk-sugar yields lactic acid, volatile acids, 
alcohol, gases, etc. Milk-fat is not readily decomposed, but a 
few types of bacteria that have the ability to decompose fat oc¬ 
cur quite commonly in milk. However, these fat-splitting organ¬ 
isms are usually held in check by other ones, chiefly the lactic- 
acid-producing bacteria, so that decomposition of milk-fat is a 
slow process, and does not become noticeable, as a rule, for many 
days. 

The nature of decomposition of milk depends largely upon the 
predominant kinds of organisms present and the temperature at 
which the milk is kept. At low temperature a different result 
obtains from room temperature, and at 37° C., or higher still, 
other products appear. At room temperature milk undergoes 
changes which are fairly uniform, although exceptions are not 
wanting. These changes are sometimes called “spontaneous” 
or “normal.” Both these terms are not strictly correct and are 
apt to give misleading impressions. The term “spontaneous” 
is not correct, because milk will not decompose unless micro-organ¬ 
isms are present. It is true that market milk without micro¬ 
organisms does not exist, but in its true meaning “spontaneous” 
suggests decomposition without the presence of a foreign agency. 
The term “normal” is perhaps more appropriate, since the bac¬ 
terial flora of milk almost invariably includes lactic acid bacteria, 
and these multiply in milk at such a rate as to outstrip other 
organisms in the large majority of instances, t 

The “normal” changes taking place in milk when it stands 
at room temperature take a fairly definite course and represent 
periods which can be observed with regularity. These periods 
are, of course, not distinctly separated from each other, but for 
convenience may be divided into five phases. 

The first phase is the so-called incubation period of milk. 
The changes in milk during this period are relatively insignificant. 
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period is of short duration, lasting usualjy not beyond twelve 
hours. The cleaner the milk, the longer is the duration of this 
period, because in clean milk the number of bacteria is relatively 
small, and multiplication, therefore, does not become evident for 
some During the incubation period all those bacteria that 

are able to grow in milk increase slowly in numbers and their 
products neutralize each other to some extent. Some types are 
restrained by the so-called germicidal property of fresh milk, 
while others among them the lactic acid bacteria—are not influ- 
enced. However, in spite of growth of lactic acid bacteria, the 
acidity apparently does not increase for several hours after milk- 
ing. This phenomenon may be due to at least four causes, 
namely: 

1. Carbon dioxid escapes, so that acid formation in small 
quantity is obscured. 

2. Some of the acid produced by lactic acid bacteria combines 
with calcium and phosphates, so that these are precipitated, and 
the increase in acidity is not recorded by the usual chemical 
indicators. 

3. The increase in acid is slow at best, so that titration figures 
may be within the limits of experimental error. 

4. Proteolytic bacteria produce small amounts of alkaline 
protein decomposition products which may partially neutralize 
the acid formed. 

During the second phase the increa.se of acid is distinct, due 
to greater multiplication of laidic acid bacteria. Proteins have 
been partly broken down by proteolytic bacteria and more suitable 
food conditions are created thereby for lactic acid bacteria. As 
acid increases proteolysers are restrained, while Bacillus coli, 
B. aerogenes, and Streptococcus lacticus multiply readily. More 
or less gas is formed, the amount depending upon the relative 
number of bacteria of the Bacillus coli group present and upon the 
temperature. When the temperature is above 30° C. and ap¬ 
proaches 37* C. gas formation is marked. 

The third phase finds enough acid produced to restrain pro¬ 
teolytic bacteria entirely, and bacteria of the Bacillus coli group 
grow less and less rapidly up to a point where they cease mul¬ 
tiplying entirely. Streptococcus lacticus, however, continues to 
multiply, as it is able to resist a larger amount of acid than the 
Bacillus coli group. But soon the acid accumulates to a degree 
which inhibits further growth of Streptococcus lacticus, and the 
maximum of acid has been reached. 

Now the fourth* phase commences. Molds and yeasts which 
prefer an acid medium begin to multiply. The former attack 
chiefly the proteins, while the latter ferment the milk-sugar which 
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is rarely completely used up by the lactic acid bacteria. By pro¬ 
tein decomposition ammonia is formed and the acid is gradually 
neutralized. The amount of acid is further decreased by molds, 
since some are able to utilize it for food. 

Gradually the acid has completely disappeared, and proteolytic 
bacteria, having survived chiefly as spores, begin to multiply, 
producing protein cleavage products, and an ill-smelling fluid 
results. This is the fifth phase. 

It should be emphasized that these periods are not distinctly 
defined and that frequent deviations may occur. After part of 
the acid has been neutralized in the fourth phase, it is quite 
probable that some lactic acid bacteria again multiply and the 
acid again increases. There may be a temporary reduction of 
acid, followed by a temporary increase, and this process may be 
repeated, so that the acidity goes back and forth -several times. 
However, in the course of time the milk-sugar becomes nearly 
exhausted and, as this forms the chief food for lactic acid bac¬ 
teria, acid formation becomes difficult;. Variations from the 
general scheme outlined may also be the result of differences in 
the numeric strength of the groups of bacteria present. 

Furthermore, the temperature at which the milk is kept 
naturally influences the results. Bacteria of the Bacillus eoli 
group, as stated before, multiply at 30° to 37° C. more rapidly 
than at room temperature, while Streptococcus lacticus seems to 
grow at room temperature at least as well as at higher tempera¬ 
ture. At room temperature, therefore, we have a relatively 
greater multiplication of Streptococcus lacticus and less growth 
of the Bacillus coli group, so that the desirable products of the 
streptococcus are more prevalent at the lower temperature. At 
30° to 37° C., on the other hand, the products of the Bacillus coli 
group may be prevalent, so that gas and undesirable flavors 
develop. 

When the temperature is above 37° C. and up to 50° C. lacto- 
bacilli enter the field, and by the large amount of acid produced 
may suppress molds and yeasts. Under these conditions pro¬ 
teolytic bacteria cannot grow, and the milk remains in a state of 
intense acidity. 

Sometimes the number of lactic acid bacteria in fresh milk 
is exceedingly low, and peptonizing bacteria may obtain an early 
foothold. In such cases the milk putrefies before enough acid is 
formed to check the putrefactive bacteria. Rennet-forming bac¬ 
teria also sometimes are present in great numbers and the milk 
coagulates without souring. This condition is known as sweet 
curdling. 

It is evident from what has been said that there are many 
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sources of bacterial pollution during the journey of milk from the 
cow to the consumer. A more detailed discussion of these sources 
will be taken up imder the following heads: 

1. Contamination in the udder. 

2. Contamination during milking operations. 

3. Contamination from utensils, machinery, bottles, etc. 

4. Contamination during transportation. 

5. Contamination in the hands of dealers and consumers. 

Contamination in the Udder 

Based on observations of Roberts, Lister, Htippe, and others 
the belief was for some time prevalent that milk in the healthy 
udder contained no micro-organisms. By using a sterile cannula 
connected with a sterile flask milk has been obtained by these 
observers that seemed to remain unchanged for long periods 
unless exposed to the influence of the air. Lister in 1877 declared 
that “unboiled milk, as coming from the healthy cow, really has 
no ferment in it capable of leading to lactic fermentation or any 
other fermentation or any organic development whatever.” This 
statement was based on an experience with two samples of milk. 
Trommsdorff claimed that he could easily obtain milk “absolutely 
free from germs” in any quantity desired by introduction through 
the teat duct of a catheter 10 cm. long and 1.5 mm. in diameter. 
And Evans and Cope also worked with milk obtained by introduc¬ 
tion into the udder of a cannula that was .supposedly sterile. Swith- 
inbank and Newman obtained sterile milk by a simple apparatus, 
description of which is given in their book “The Bacteriology 
of Milk.” They think that “no great difficulty need be experi¬ 
enced in obtaining sterile milk direct from the udder of the nor¬ 
mally healthy cow.” With the simple apparatus designed by 
them “the authors have for some years past found no difficulty 
in holding ready to hand a constant supply of sterile milk in its 
natural condition.” 

Later work, however, has shown that milk in the udder usually 
contains micro-organisms, and that even the strippings are not 
always sterile, although, as far as present knowledge goes, milk is 
secreted in a sterile condition by healthy mammary glands. 

Schulz in 1892 examined milk at different stages of the milk¬ 
ing process, and found that the first streams are richest in bac¬ 
teria and that the number decreases as milking progresses. 
Moore, agreeing with Schulz, states that it is an exception to find 
milk directly from the udder free from micro-organisms, unless 
taken during the latter part of the milking process from a single 
quarter of the udder. 
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is rarely completely used up by the lactic acid bacteria. By pro¬ 
tein decomposition ammonia is formed and the acid is gradually 
neutralized. The amount of acid is further decreased by molds, 
since some are able to utilize it for food. 

Gradually the acid has completely disappeared, and proteolytic 
bacteria, having survived chiefly as spores, begin to multiply, 
producing protein cleavage products, and an ill-smelling fluid 
results. This is the fifth phase. 

It should be emphasized that these periods are not distinctly 
defined and that frequent deviations may occur. After part of 
the acid has been neutralized in the fourth phase, it is quite 
probable that some lactic acid bacteria again multiply and the 
acid again increases. There may be a temporary reduction of 
acid, followed by a temporary increase, and this process may be 
repeated, so that the acidity goes back and forth -several times. 
However, in the course of time the milk-sugar becomes nearly 
exhausted and, as this forms the chief food for lactic acid bac¬ 
teria, acid formation becomes difficult;. Variations from the 
general scheme outlined may also be the result of differences in 
the numeric strength of the groups of bacteria present. 

Furthermore, the temperature at which the milk is kept 
naturally influences the results. Bacteria of the Bacillus eoli 
group, as stated before, multiply at 30° to 37° C. more rapidly 
than at room temperature, while Streptococcus lacticus seems to 
grow at room temperature at least as well as at higher tempera¬ 
ture. At room temperature, therefore, we have a relatively 
greater multiplication of Streptococcus lacticus and less growth 
of the Bacillus coli group, so that the desirable products of the 
streptococcus are more prevalent at the lower temperature. At 
30° to 37° C., on the other hand, the products of the Bacillus coli 
group may be prevalent, so that gas and undesirable flavors 
develop. 

When the temperature is above 37° C. and up to 50° C. lacto- 
bacilli enter the field, and by the large amount of acid produced 
may suppress molds and yeasts. Under these conditions pro¬ 
teolytic bacteria cannot grow, and the milk remains in a state of 
intense acidity. 

Sometimes the number of lactic acid bacteria in fresh milk 
is exceedingly low, and peptonizing bacteria may obtain an early 
foothold. In such cases the milk putrefies before enough acid is 
formed to check the putrefactive bacteria. Rennet-forming bac¬ 
teria also sometimes are present in great numbers and the milk 
coagulates without souring. This condition is known as sweet 
curdling. 

It is evident from what has been said that there are many 
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in the udder is weighed, the conclusion becomes inevitable that 
bacteria are constantly present in the udders of normal animals. 
The number of bacteria may vary, of course, within wide limits, 
and when relatively few are present it is perhaps possible to 
obtain milk that contains very few bacteria from the higher parts 
of the udder and that sometimes may be germ free. 

Since bacteria probably do not pass through healthy mammary 
glands, the source of micro-organisms in the udder must be sought 
elsewhere. The most obvious portal of entry is the teat canal. 
The small portion of milk remaining in the teat duct, the favor¬ 
able temperature, and the protecting folds of the membrane 
afford ample opportunity for bacteria to multiply in the duct. 
The aperture of the teat comes in contact with substances that 
carry bacteria, such as bedding, fodder, and dust, for example. 
These then multiply in the intervals between milking and some 
types reach into the cistern, where they persist and from whence 
they gradually invade upper parts of the udder. It may be 
objected that the sphincter muscle at the teat is an obstacle to 
the entrance of bacteria, but the folds of the muscle probably 
leave openings of sufficient size to permit micro-organisms to pass. 

Whether this is the only source of bacteria in the udder re¬ 
mains problematic. Harding and Wilson have observed that 
during the first few days of the lactation period, the colostrum 
period, germs were distinctly more abundant than later, and that 
toward the end of lactation the numbers tended to decrease. 
The authors suggest that perhaps the inflamed condition of the 
udder during the early lactation period is responsible for the 
large numbers of bacteria present, and that later, while the nor¬ 
mal udder is in full flow, it is daily subjected to complete disten¬ 
tion, which is the first stage of inflammation. And finally, when 
the flow begins to fall off rapidly, the udder is no longer fully 
distended, and this inflammatory condition ceases. The rela¬ 
tion of the germ content of milk in the udder during inflammatory 
conditions is a problem that has not been fully investigated, and 
that may throw additional light on the presence of bacteria in 
the udder. 

The number of bacteria in milk, when drawn aseptically from 
the udder, varies in different animals and may also vary in the 
quarters of the udder of the same animal. Hastings and Hoff¬ 
mann have studied the bacterial content in milk directly from the 
udder of 3 cows, and found that the averages were 31,000; 191,000; 
and 810 respectively. The authors thmk that the milk in the 
udder of some cows contains consistently greater numbers of bac¬ 
teria than in others, and that this fact should be taken into ac¬ 
count when low bacterial numbers are specially desirable, as in 
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is rarely completely used up by the lactic acid bacteria. By pro¬ 
tein decomposition ammonia is formed and the acid is gradually 
neutralized. The amount of acid is further decreased by molds, 
since some are able to utilize it for food. 

Gradually the acid has completely disappeared, and proteolytic 
bacteria, having survived chiefly as spores, begin to multiply, 
producing protein cleavage products, and an ill-smelling fluid 
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exhausted and, as this forms the chief food for lactic acid bac¬ 
teria, acid formation becomes difficult;. Variations from the 
general scheme outlined may also be the result of differences in 
the numeric strength of the groups of bacteria present. 

Furthermore, the temperature at which the milk is kept 
naturally influences the results. Bacteria of the Bacillus eoli 
group, as stated before, multiply at 30° to 37° C. more rapidly 
than at room temperature, while Streptococcus lacticus seems to 
grow at room temperature at least as well as at higher tempera¬ 
ture. At room temperature, therefore, we have a relatively 
greater multiplication of Streptococcus lacticus and less growth 
of the Bacillus coli group, so that the desirable products of the 
streptococcus are more prevalent at the lower temperature. At 
30° to 37° C., on the other hand, the products of the Bacillus coli 
group may be prevalent, so that gas and undesirable flavors 
develop. 

When the temperature is above 37° C. and up to 50° C. lacto- 
bacilli enter the field, and by the large amount of acid produced 
may suppress molds and yeasts. Under these conditions pro¬ 
teolytic bacteria cannot grow, and the milk remains in a state of 
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Sometimes the number of lactic acid bacteria in fresh milk 
is exceedingly low, and peptonizing bacteria may obtain an early 
foothold. In such cases the milk putrefies before enough acid is 
formed to check the putrefactive bacteria. Rennet-forming bac¬ 
teria also sometimes are present in great numbers and the milk 
coagulates without souring. This condition is known as sweet 
curdling. 
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a more or less abrupt falling off after the fore-milk has been dis¬ 
charged, is not definitely known. The germ content of the strip¬ 
pings is lower than that of the middle milk according to some au¬ 
thorities, while others maintain that it is higher, as a rule. The 
figures given by Schulz, quoted above, seem to indicate that the 
strippings contain fewer bacteria than the middle or whole milk. 
Lux, in an extensive investigation, found the following figures: 


BACTERIA IN FORE-MILK. MIDDLE MILK. AND STRIPPINGS 


No. ol - 

IGnd of food. samples. 1 

Hay mixed with straw, mea, 

bran, etc. . . 60 753 

Hay and malt 100 1306 

Grass 

From right back quarter . 1 /1809 

. From right front quarter.../ \l002 


•Stream — 
2 

3 

Middle. 

Strip¬ 

pings. 

Average. 

491 

1428 

1556 

367 

619 

1637 

2066 

839 

1020 

1391 

2326 

1872 

1357 

39501 

1671 

1900 

1530 

743 

220/ 


This table shows that the genn content of the first three streams 
fluctuates and does not decrease gradually. The germ content of 
the middle milk is sometimes greater than that of the fore-milk, 
and that of the strippings is in two cases greater than that of the 
previous milk, while in other instances it is smaller. The author 
thinks that milk accumulates in the ducts and that but little 
reaches the cistern before milking operations begin. In the 
different ducts the milk may contain widely varying numbers of 
bacteria which do not mix with the milk of other ducts until the 
udder is being emptied. When the milk from ducts that are 
richer in germ content reach the cistern the counts are higher than 
when the milk from other ducts is discharged, so that a variable 
germ content of the product results. 

Similar results have been reported by other authors. Un¬ 
fortunately, the precautions for excluding external contamination 
during the milking process have sometimes not been adequate, 
so that the results are not always trustworthy. 

Backhaus and Appel, working with great caution, have ob¬ 
tained the following results: 

BACTERIAL CONTENT OF DIFFERENT PORTIONS OF MILK FROM THE SAME MILKING 

.. Portion.- 


No. of cow 12 3 4 

1 .. 685 230 70 30 

2 . 935 145 . 20 0 

4 . ... 950 60 10 0 

s’”;'... .. ... 950 no 00 25 

6 > . . 375 125 20 45 

7 . ... . 175 90 60 0 

g.. 345 255 55 0 

Average....._ ... 631 145 42 14 


According to these figures there is a very consistent falling off 
in germ content as the milking process advances, and the strip¬ 
pings contain the smallest number of bacteria per cubic centi¬ 
meter. 
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V. Freudenreich arrived at similar conclusions, as the follow¬ 
ing %ure8 show: 

QERM CONTENT OF FORE-MILK, MIDDLE MILK, AND STRIPPINGS 


Series. 

Fore-milk. 

Middle milk. 

Stnppin^. 

1 

1,725 

674 

667 

2 . 

15,563 

2477 

1004 

3. 

4,349 

202 

362 

4. 

4,386 

2012 

1056 

Average . 

6,506 

1341 

770 


Stocking, on the other hand, has found that the stripping 
have a richer germ content than previously drawn milk. In a 
series of 9 experiments he found an average of 272 bacteria per 
cubic centimeter of strippings against 187 in earlier milk. In 
each case the earlier milk contained fewer bacteria than the last 
milk. Harding and Wilson made an extensive study of this ques¬ 
tion and arrived at results similar to those of Stocking. The 
average of 360 samples gave the following figures: First milking 
458 bacteria per cubic centimeter; middle milk, 187; and the 
last milk, 274. The grand average was 306 bacteria per cubic 
centimeter. The germ content of the strippings was closer to 
the average of the mixed milk than either fore-milk or middle milk. 

Comparing the relation of bacterial content of the entire 
yield of milk with the strippings, Harding and Wilson found the 
following average figures for the four quarters: 

RELATION OF BACTERIAL CONTENT OF ENTIRE YIELD OF MILK AND OF STRIPPINGS 


Quarter. 

Whole milk. 

Strippings. 

Right front. 

. 126 

263 

Right back. . 

. 606 

845 

Left front . 

. 262 

97 

Left back. 

. 226 

257 

Average. 

. 306 

365 


In these figures we find the strippings with a higher germ 
content than the whole milk in three quarters, while they con¬ 
tain fewer bacteria in one quarter. The average is, of course, 
higher in the strippings. 

It seems that there is some evidence in favor of a higher germ 
content of strippings than in the earlier milk and also some evi¬ 
dence in favor of a lower content. It is difiicult to decide which 
condition is the more common one. As a, matter of fact, there 
are probably some cows whose milk seems to be richer in germs 
when the last streams are drawn than when the earlier portions are 
taken, but the reverse is also frequently true. If the very last 
streams of milk are actually richer in bacteria than the previous 
ones, the results obtained would depend in a measure upon the 
amount of milk which the operator considers strippings or the 
last streams. The larger the quantity taken as a sample, the 
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smaller in proportion would be the germ content. One fact, 
however, is established by the work accomplished so far, and that 
is the constancy with which bacteria are present in all parts of 
the udder, except possibly only in the secreting glands. 

Some figures are available to show whether bacteria multiply 
in the udder. Stocking has found that when the udder is not 
milked dry the milk from the next milking contains a greater 
number of bacteria than when the udder is milked dry. In a 
series of experftnents bearing upon this point he found that when 
the udder was milked dry the germ content of the product of the 
next milking was 6542 bacteria per cubic centimeter against 11,- 
324, when the udder was not milked dry. Lux approached the 
subject from another direction. He milked the udder dry and 
then commenced taking samples two hours later at regular in¬ 
tervals, and determined the bacterial content, with the following 
results: 

BACTERIAL CONTENT OF MILK LEFT IN THE UDDER 


After— 

2 hours 
4 “ 

6 “ , 

8 “ . 

12 “ 

24 “ 


RiKht front f)uarter. 
22 
365 
400 
112 
807 
1217 


Left front quarter. 
65 
221 
230 

2S33 


The experiments of both Lux and Stocking show clearly that 
there is a limited degree of multiplication in the udder, and milk¬ 
ing the udder dry is advantageous from this point of view. 

The distribution of bacteria in the milk while in the udder 
appears to be subject to considerable variability. It seems es¬ 
tablished, however, that the first streams always contain more 
germs than later milking, but how many streams must be dis¬ 
charged before the number approaches the average germ con¬ 
tent of the mixed milk has not been thoroughly investigated. It 
is thought that by discarding the first few streams the bacterial 
content of the whole product can be materially lowered. Experi¬ 
ments made by Stocking throw some light on this question. By 
determining the bacterial content of the first fourteen streams and 
comparing this with the number of bacteria in the strippings 
Stocking found the following figures: The first two streams in 
four experiments averaged 10,143 bacteria per cubic centimeter; 
streams five and six averaged 2347; streams nine and ten, 272; 
streams thirteen and fourteen, 382; and the strippings, 204. To 
judge by these figures the first six streams discharge the greatest 
number of bacteria and later milk contains materially smaller 
numbers. 

However, the quantity of milk represented by the first six 
streams is small as compared with the whole product, and when the 
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V. Freudenreich arrived at similar conclusions, as the follow¬ 
ing %ure8 show: 

QERM CONTENT OF FORE-MILK, MIDDLE MILK, AND STRIPPINGS 
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Middle milk. 
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1,725 
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Stocking, on the other hand, has found that the stripping 
have a richer germ content than previously drawn milk. In a 
series of 9 experiments he found an average of 272 bacteria per 
cubic centimeter of strippings against 187 in earlier milk. In 
each case the earlier milk contained fewer bacteria than the last 
milk. Harding and Wilson made an extensive study of this ques¬ 
tion and arrived at results similar to those of Stocking. The 
average of 360 samples gave the following figures: First milking 
458 bacteria per cubic centimeter; middle milk, 187; and the 
last milk, 274. The grand average was 306 bacteria per cubic 
centimeter. The germ content of the strippings was closer to 
the average of the mixed milk than either fore-milk or middle milk. 

Comparing the relation of bacterial content of the entire 
yield of milk with the strippings, Harding and Wilson found the 
following average figures for the four quarters: 
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Strippings. 

Right front. 
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263 

Right back. . 
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In these figures we find the strippings with a higher germ 
content than the whole milk in three quarters, while they con¬ 
tain fewer bacteria in one quarter. The average is, of course, 
higher in the strippings. 

It seems that there is some evidence in favor of a higher germ 
content of strippings than in the earlier milk and also some evi¬ 
dence in favor of a lower content. It is difiicult to decide which 
condition is the more common one. As a, matter of fact, there 
are probably some cows whose milk seems to be richer in germs 
when the last streams are drawn than when the earlier portions are 
taken, but the reverse is also frequently true. If the very last 
streams of milk are actually richer in bacteria than the previous 
ones, the results obtained would depend in a measure upon the 
amount of milk which the operator considers strippings or the 
last streams. The larger the quantity taken as a sample, the 
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suggest that the non-liquefying cocci, in reality, may be slowly 
liquefying ones. The colonies were grown on gelatin plates and 
the property to liquefy judged from liquefied areas forming at the 
seat of the colony. 

The lactic acid bacteria that cause normal souring of milk 
were never found in the udder by Burr, and v. Freudenreich could 
not detect the presence of Bacterium lactis acidi (Streptococcus 
lacticus) in the milk from the majority of cows, but sometimes 
isolated colonies of this organism appeared on the plate. Its 
presence, therefore, is indicated in at least some cases, and per¬ 
haps if enriching media had lieen used it would have been found 
in a considerable number of samples, v. Freudenreich also made 
the interesting observation that the flora in different quarters of 
the same udder may vary widely. In two quarters he found very 
few bacteria and these were micrococci, while in the other two 
quarters Bacterium lactis acidi (Streptococcus lacticus) was pres¬ 
ent in large numbers. 

The presence of Streptococcus lacticus in the udder has been 
observed by other investigators. Bussell and also Conn report 
finding it in considerable numbers, but adhere to the appellation 
of Bacterium lactis acidi. Avirulent strepto(!occi which probably 
were identical with Streptococcus lacticus were found by Bergey, 
Beed and Ward, Savage, and others. Lammeris and Harrevelt 
observed an avirulent streptococcus to persist in the udder of a 
cow that had recovered from an attack of mastitis. 

Sherman and Hastings found streptococci in the mixed milk 
from all but two out of twelve herds and in 38.6 per cent, of 
samples from 88 cows. The authors recorded the presence of strep¬ 
tococci only when chains of twelve cells or more were present in 
abundance, and determined this by microscopic examination. 
Miss Evans made a study of the flora of the udder, and states that 
the majority of udder bacteria are of the same type as those com¬ 
mon on the skin and mucous membranes of man and animals. 
In 16.1 per cent, of the samples examined bacteria did not seem 
to multiply to any great extent in the udder. Streptococcus lac¬ 
ticus was not found in any of the samples. Isolation of bacteria 
was made by transferring colonies from the plated milk. Long- 
chained streptococci which failed to reduce the litmus in litmus- 
milk, reduction of litmus being a characteristic of Streptococcus 
lacticus, were isolated from 15.1 per cent, of the samples. In one 
case as many as 264,000 streptococci per cubic centimeter were 
present. Micrococci were present in 58.8 per cent, of the sam¬ 
ples. The highest number of micrococci was 80,000 per cubic 
centimeter. The majority of these were avirulent, but two strains 
killed rabbits in sixteen hours. The author also found Bacillus 
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abortus in 23.4 per cent, of the samples, the highest number being 
50,000 per cubic centimeter. 

Probably many reports of finding streptococci or Streptococcus 
pyogenes in milk from apparently healthy udders in reality mean 
the presence of Streptococcus lacticus (Bacterium lactis acidi). 

In the. milk of a cow examined by Hastings and Hoffmann 
90 per cent, or over of the total germ content consisted of a strep¬ 
tococcus very similar to Streptococcus pyogenes in morphology 
and in its biochemical reactions. Since no udder disease could 
be observed, it is probable that this also was Streptococcus lacticus. 

Streptococci have been known to occur in market milk quite 
frequently. There are many reports of such findings in the 
literature, but there is no evidence in the majority of these re¬ 
ports that the streptococci were derived from the udder, and they 
may have been external contaminations. 

Bacilli of the Bacillus coli group were isolated from milk 
obtained directly from the udder by v. Freudenreich, although 
not frequently. He also found an organism similar to Bacillus 
coli in some properties, but it failed to ferment lactose. 

Bacillus subtilis, B. radiciformis, proteus, sarcink), yeasts, and 
molds were occasionally met with in milk directly from the udder. 

Esten and Mason describe the following organisms which they 
found in milk directly from the udder: 


VARIETIES OP UDDER ORGANISMS FOUND IN COLLEGE HERD AT STORES 


Name. 

Frequency. 

Liquefaction. 

Acidity. 

Color. 

Micrococcus lactis acidi. 

.... 22 

— 

+ 

White 

Micrococcus iactis albidus .. . 

. 9 

+ 

+ 

White 

MicrocooiuB lactis albidus. variety B. 

. 8 



White 

Micrococcus lactis varians ... . 

. 7 

+ 

+ 

Yellow 

Micrococcus lactis aureus . 

. 3 

— 

+ 

Yellow 

Bacillus subtilis, variety B . . 

. 3 

+ 


White 

Bacillus subtilis. . 

... 2 


— 

White 


The authors state that Micrococcus lactis acidi which was found 
twenty-two times is the most common of the milk cocci, and is 
almost constantly found in fresh milk. It “is classified very near 
Streptococcus lacticus, which is the same as Bacterium lactis 
acidi. It is even considered a variety of Streptococcus lacticus 
III.” The nomenclature is that of Conn’s Classification of Dairy 
Bacteria. 

Harding and Wilson in an extensive study of the udder flora 
separated 71 distinct groups of organisms from over 900 samples 
of milk. Of these, 75 per cent, were micrococci. Streptococcus 
lacticus was found occasionally. The authors suggest that strep¬ 
tococci would be more frequently discovered if special media, 
favorable to their growth, were employed. Two non-sporing 
yeasts were also isolated. Spore-forming bacteria were wholly 
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absent, a fact which is not surprising, since the majority of forms 
were cocci which are not known to form spores. Motile rods 
were not discovered. 

Gelatin was liquefied by 55 per cent, of all the bacteria studied, 
although the reaction usually proceeded slowly. Nitrates were 
reduced by 59 per cent, of the forms. Starch was not digested 
by 80 per cent, of the cultures, while 16 per cent, dissolved starch 
feebly and 4 per cent, almost completely. 

The Gram stain was positive in 96 per cent, of all cultures. 
This is in accordance with the fact that the majority of organisms 
were cocci most of which are Gram-positive. 

It is an interesting fact that the bacterial flora of the udder 
represents relatively few types with a marked predominance of 
micrococci. The bacteria that enter the teat duct are of a mani¬ 
fold variety and multiply readily in the duct. But these are ap¬ 
parently poorly represented in the udder, although most of them 
multiply readily in milk, especially at the temperatuje of the 
body. Both food and temperature conditions are favorable in 
the udder, and still the majority of bacteria fail to grow. Russell 
and Hastings have introduced cultures of Bacillus prodigiosus 
into the udder and have shown that they gradually disappear. 
A complete explanation of this pnenomcnon is still lacking. Un¬ 
questionably the germicidal property of milk and animal tissue 
is one of the factors producing this result, and it must be assumed 
that micrococci are more resistant to this action than other bac¬ 
teria. Whether this is a full explanation of the facts or not can¬ 
not be decided at the present time. It must be borne in mind, as 
has been pointed out, that sometimes other organisms are the 
predominating kind in the udder. Whether such occurrences are 
due to lack of germicidal power in the udder, or increased resist¬ 
ance of the organism, is not known. The fact remains established 
that among the many species that gain access to the teat duct and 
multiply there, but few, even if they invade the udder, are able to 
persist there. 

Furthermore, it should be taken into account that the pos¬ 
sibility of hematogenous origin of bacteria in the udder is not 
wholly excluded, v. Freudenreich found that the spleen and 
kidney of cows are not free from bacteria. This is in agreement 
with work done by Ford, which seems to indicate that internal 
organs are not always germ free. Russell and Hastings comment 
on this view as follows: “It is interesting to note that the bacteria 
found in the udder are similar to those that seem to be most 
abundant in such glandular tissues as the liver and the spleen. 
This fact increases the probability that these comparatively inert 
coccus forms of the udder may originate directly from the blood- 
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abortus in 23.4 per cent, of the samples, the highest number being 
50,000 per cubic centimeter. 

Probably many reports of finding streptococci or Streptococcus 
pyogenes in milk from apparently healthy udders in reality mean 
the presence of Streptococcus lacticus (Bacterium lactis acidi). 

In the. milk of a cow examined by Hastings and Hoffmann 
90 per cent, or over of the total germ content consisted of a strep¬ 
tococcus very similar to Streptococcus pyogenes in morphology 
and in its biochemical reactions. Since no udder disease could 
be observed, it is probable that this also was Streptococcus lacticus. 

Streptococci have been known to occur in market milk quite 
frequently. There are many reports of such findings in the 
literature, but there is no evidence in the majority of these re¬ 
ports that the streptococci were derived from the udder, and they 
may have been external contaminations. 

Bacilli of the Bacillus coli group were isolated from milk 
obtained directly from the udder by v. Freudenreich, although 
not frequently. He also found an organism similar to Bacillus 
coli in some properties, but it failed to ferment lactose. 

Bacillus subtilis, B. radiciformis, proteus, sarcink), yeasts, and 
molds were occasionally met with in milk directly from the udder. 

Esten and Mason describe the following organisms which they 
found in milk directly from the udder: 


VARIETIES OP UDDER ORGANISMS FOUND IN COLLEGE HERD AT STORES 


Name. 
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Liquefaction. 

Acidity. 
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Micrococcus lactis acidi. 
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MicrocooiuB lactis albidus. variety B. 
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Micrococcus lactis varians ... . 

. 7 

+ 

+ 

Yellow 

Micrococcus lactis aureus . 
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Yellow 
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The authors state that Micrococcus lactis acidi which was found 
twenty-two times is the most common of the milk cocci, and is 
almost constantly found in fresh milk. It “is classified very near 
Streptococcus lacticus, which is the same as Bacterium lactis 
acidi. It is even considered a variety of Streptococcus lacticus 
III.” The nomenclature is that of Conn’s Classification of Dairy 
Bacteria. 

Harding and Wilson in an extensive study of the udder flora 
separated 71 distinct groups of organisms from over 900 samples 
of milk. Of these, 75 per cent, were micrococci. Streptococcus 
lacticus was found occasionally. The authors suggest that strep¬ 
tococci would be more frequently discovered if special media, 
favorable to their growth, were employed. Two non-sporing 
yeasts were also isolated. Spore-forming bacteria were wholly 
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matter to determine the exact amount of foreign matter that is 
actually present in milk, and modern methods take account only 
of the insoluble portion of dirt (Fig. 85). Esten and Mason state 
that three-quarters of cow manure is soluble, but this varies with 



the consistency of the feces. However, a considerable portion of 
cow manure is insoluble, and consequently unclean milk, as a 
rule, contains more or less of this disgusting material. Even 
though the insoluble dirt is removed by modem centrifugal clari- 
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fiers (Figs. 86-88), the soluble portion remains. Aside from the 
addition of bacteria chiefly of the fecal type, including gas formers, 
from this source, the very presence of fecal matter is highly objec¬ 
tionable from an esthetic point of view. 



The) absence of a definite relation of insoluble dirt to the germ 
content of milk is shown by the following work of Uhl: 


RELATION OF INSOLUBLE DIRT TO GERM CONTENT OF MILK 


1... 

Number. 

Mgrs. dirt per liter. 

3 68 

Number of tiactcns per cubic centimeter 
12,897.000 

2. 


2 .53 

36.690.606 

Each number 

3. 


. . . 2 07 

7,099,820 

represents the 

4. 


1 65 

55,365,800 

average of five 

6. 

6. 


1 17 

. 0 52 

3.831.460 

3.338,776 

B^pl^ 


The writer in an examination of Chicago market milk also 
could detect no definite relation between insoluble dirt and bac¬ 
terial numbers, while Ayers, Cook, and Clemmens found that 
the sediment test bears a “somewhat close relation to the number 
of bacteria in fresh, uastrained milk handled in sterilized utensils.” 

It should be considered, however, that all kinds of dirt 
do not carry the same number of bacteria. One kind con¬ 
tains much greater germ life than another, so that the source 
of the dirt has a substantial influence on the number of 
germs that are carried with it into the milk. Furthermore, 
many bacteria are not taken into account because they do 
not grow on ordinary culture-media. If the dirt, for example, 
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is largely soil, the count will be much smaller in proportion to the 
actual number present than if manure is the chief contaminating 
substance. The extensive use of clarifiers also tends to reduce 
the amount of dirt present without materially decreasing the germ 
content. 

It has been shown by Esten and Mason that the dust which 
accumulates on poorly cared for cows is very rich in bacteria. One 
gram of curry powder from a cow contained 207,000,000 bacteria, 
while one gram of curry powder from a horse had 18,000,000. 
The dust drops from the animal at every move and contaminates 
the stable air. Whether bacteria multiply on the skin of the 



Fig. 89.—A barn with filthy surroundings. (Webster, Bull. No. 56, 
Hygienic Laboratory.) 


COW is not definitely known, but it does not seem unlikely that 
some kinds may do so. Food for bacteria is pre^nt in the 
form of organic matter, chiefly manure, and .sometimfes sufficient 
moisture may be present, although the cow’s skin does not per¬ 
spire (Figs. 89-91). • 

Esten and Mason think that the cow is the most prolific source 
of bacteria in milk, and state that the udder furnishes 4 per cent, 
and the surface of the animal 70 per cent, of all bacteria in milk, 
and that the balance of 26 per cent, comes from all other sources 
combined. Some investigators, as we shall see, do not agree 
with this estimate, but there can be no doubt that in the last 
analysis the surface of the cow harbors the bacteria that later 
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Fig, 90.—^Barns of this character arc entirely too numerous. fFraser, Bull. 
No. 92, Fniv. of Ill. Agri. Kxp. Sta.) 



Fig. 91 .—Dirty flanks. A common condition in wmter. Flanks be¬ 
come caked with manure, which there is often no thought of removing. This 
is the source of most of the dirt found in winter milk. (Webster. Bull. No. 
.56, Hygienic Laboratory.) 

may multiply in vessels, or in the milk, and thus greatly in¬ 
crease the germ content. 
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That movement of the cow during the milking process may 
increase the germ content of the milk is shown in a statement 
made by Ldhnis. The milk under investigation contained 23,- 
800 bacteria per cubic centimeter, but when the milker touched 
the animal and caused her to move the number rose to 900,000. 
The same cow, when thoroughly curried, gave milk with but 
7000 bacteria per cubic centimeter. 

By cleaning the udder Schulz was able to reduce the bacterial 
content of milk from 1,500,000-1,900,000 to 22,000-33,000 per 
cubic centimeter. Russell obtained from a clean, moist udder 
milk with 115 bacteria per cubic centimeter, while from the 
same udder not cleaned the germ content of the milk was 
3250 per cubic centimeter. Similarly, Harrison counted 640 to 
2350 bacteria per cubic centimeter of milk from a clean udder, 
against 9845 to 17,155 from a dirty udder. In a series of thirteen 
tests Stocking enumerated an average of 716 bacteria per cubic 
centimeter when the udder was wiped with a damp cloth, and 
6342 bacteria per cubic centimeter when the udder was not wiped. 
Lohnis recommends cleaning the udder by rubbing it dry and then 
smearing it with grease or vaselin, so as to cause the dust par¬ 
ticles to adhere. In the best dairies in this country the udder is 
washed previous to milking with a damp cloth and allowed to re¬ 
main moist. Care must be taken, however, not to permit enough 
water to remain on the udder to cause drops to fall into the milk. 

A method to protect the milk from droppings from the udder 
was devised by Backhaus, and is known as the “Nutricia” method. 
A bag of water-proof material is tied on the udder and filled with 
boric acid solution. The antiseptic solution is brought in intimate 
contact with the skin by pressure against the bag. After a few 
minutes the solution is drained off through a cock and the bag 
filled with boiled water. Milking is then commenced, the teats 
protruding through holes in the bag provided for this purpose. 
The results have not proved that this method is advantageous as 
far as bacterial numbers go and the manipulation is rather cumber¬ 
some. Lohnis obtained the following counts by the use of the 
Backhaus bag and by ordinary washing of the udder: With the 
bag 800 to 49,500 bacteria per cubic centimeter; with ordinary 
washing, 4500 to 29,380 per cubic centimeter. 

The evidence in favor of thorough cleaning of the udder be¬ 
fore milking is strong, and as this manipulation requires but little 
time and labor it should be practised in all dairies. 

It is usually thought that clipping the hair on the udders and 
flanks is a necessary procedure for producing milk with a low 
germ content. This practice is assuredly a help in keeping the 
udder clean, but whether it reduces the germ content is questioned 
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by Harding, Ruehle, Wilson, and Smith. These authors found in 
a series of exf^riments that the germ content in milk from clean 
udders the hair of which was clipped was greater than in milk 
from undipped udders. The difference was not great, but the 
authors think that clipping offers no distinct advantage. They 
explain this rather surprising rpult by the assumption that after 
clipping there is small protection against dirt, and bits of dead 
skin that are constantly breaking loose fall with their share of 
germs into the milk. 

Periodic grooming of cows will remove much dirt and loose 
hair. Hairs are not infrequently found in milk and may carry 
many bacteria. This is illustrated in Fig. 92, taken from Russell 
and Hastings’ Dairy Bacteriology, which shows the colonies grown 
from a hair placed on an agar plate. 




Fig. 92,—Bacteria on hairs. Each colony on the hair represents one or 
more bacteria that were adherent to the hair when it was placed on the sur¬ 
face of the solid culture-medium (Russell and Hastings). 

During the winter, when cows spend most of the time in a 
stable, the accumulation of dirt on the animal is usually greater 
than during the summer. The same condition obtains during 
the night, when cows are stabled. The morning’s milk, there¬ 
fore, as a rule, has a greater germ content than the evening’s 
milk. On the other band, the fecal discharges are usually softer 
in summer than in winter. Soft feces are more apt to splatter 
into fhe milk than hard ones and adhere more readily to the skin 
and hairs of the animal. Fodder rich in nitrogenous material is 
also conducive to the formation of soft feces. 

In some dairies vacuum cleaners are used for currying cows. 
Theoretically this is an ideal method, since the dirt is removed 
from the stable without vitiating the air. However, experiments 
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on the effect of vacuum cleaning of cows so far have not shown a 
distinct advantage. Harding, Ruehle, Wilson, and Smith have 
made a number of tests which seem to show that when the vacuum 
is relatively high, machine cleaning is as effective as hand clean¬ 
ing, but at low pressure hand cleaning gives better results than 
machine cleaning. 

Whatever means of cleaning animals are employed, the germ 
content in the milk will always lie lower when cows are kept clean 
than when they are poorly cared for, other things being equal. 

2. Dust from the Stable Air.—The air of the stable usually 
contains dust in amounts proportionate to the care devoted to 
keeping the stable clean. The construction of the stable is of 
importance, inasmuch as the practicability of keeping it clean and 



Fig. 93.—A sanitary bam, clean and whitewashed. (Fraser, Bull. No. 92, 
llniv. of Ill. Agri. Exp. Sta.) 


the amount of work required to accomplish this object depend in 
large measure on suitable construction. Ledges, exposed rafters, 
sharp corners, braces, and rough supports should be avoided as 
much as possible, since they give opportunity for dirt and cob¬ 
webs to gather. Location of the stable on elevated land is to be 
highly recommended, since drainage is facilitated thereby. 

The floor of the stable should be made of non-absorbent mate¬ 
rial, concrete being the most suitable. Concrete is not only ad¬ 
vantageous because of its lack of permeability to liquids that are 
usually heavily contaminated, but because it can be moistened 
with water in order to prevent dust from rising (Figs. 93-95). 

The walls and ceiling must also be tight so as to avoid crevices 
in which dust can accumulate. The surface of the walls and ceil- 
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ing is most easily kept clean when it is smooth. Rafters should 
be covered with matched lumber or plaster, so as to leave no open 
plac^. Plastering the walls seems to be of no advantage, accord- 



Fie. 94.—Clean stables. 

ing to Harding, Ruehle, Wilson, and Smith, who have made 
bacterial counts to asctsrtain this point. The work of these authors 



Fig. 95.—Clean cans in clean stables. 

indicates that in freshly plastered stables the germ content of the 
milk is higher than under the usual conditions. In a special case 
the germ content before plastering was 44 per cent, lower than 
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ner (Fig. 99). Fodder should not be lowered into the stable by 
openines in the ceiling. 


T 'i-- 








ill' 


Fig. 98.—Center aisle of certified milk dairy transformed from old barn at 
small expense. 

Good drainage of the stable is an important consideration. 
As milk rapidly absorbs odors, all manure and liquid excretions 
should be removed frequently, and should be taken to a place at 



Fig. 99.—Method of carrying food into stable or manure out of stable. 


such distance as to render it impossible for dust from manure 
heaps to be carried back into the stable. Manure should not be 
permitted to remain in the stable long enough to dry out. The 
19 
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barnyard, therefore, should not serve as a place for accumulating 
manure and other filth, but should always be in reasonably cleanly 
condition. 

Stables for other farm animals should be at a distance suf¬ 
ficiently great to avoid contaminations from this source, and farm 
animals should never be permitted in the cow barn. 

Dust in stable air is derived chiefly from the cow, manure, 
fodder, the bedding, and perhaps from flies. A further source 
of dust is that blown through open windows, but this is probably 
the least imjwrtant contribution. 

It has already been pointed out that dust from the coat of the 
cow is shaken off by each movement. Larger particles drop on 
the floor, but finer particles may remain suspended in the air for 
some time. Currying the cows should, therefore, be done at a 
sufficient length of time before milking to permit the dust from this 
operation to settle. When this is properly done, however, the 
germ content of the milk is reduced, and the time consumed in 
currying cows is not great. Trueman states that a cow can be 
thoroughly curried in twelve to fifteen minutes. In a series of 
14 experiments Stocking showed that the germ content of milk 
drawn before brushing the cows was 1207, while in milk drawn 
from cows after brushing contained 2286 per cubic centimeter. 
These figures show how necessary it is to allow the dust to settle 
before milking is commenced. 

That manure, when it remains in the stable or in close environ¬ 
ment long enough to dry out, is a source of dust needs hardly be 
mentioned. Prompt removal of manure is, therefore, not only 
a sanitary measure, but aids in reducing the dust of the stable 
air. In the best dairies manure is removed every day and, when 
not immediately spread on the field, is placed in a pit at least 100 
feet from the stable. Manure is a valuable fertilizer and farm 
economy requires that it be well cared for. 

Much has been said and written about the influence of fodder 
on the dust content of stable air. Carrying food into the stable 
and distributing it should, therefore, be done with care, and it is 
of further importance not to give the cows dry fodder for at least 
one hour before milking. Stocking obtained the following results 
by examining milk for its germ content before and after feeding; 
Before feeding corn stover the germ content was 1233 bacteria 
per cubic centimeter, while after feeding it was 3656. Feeding 
hay and grain gave 2096 germs per cubic centimeter before and 
3506 after. These figures are the averages of five estimations; 
they show clearly that the dust from dry fodder, when given 
shortly before milking, adds a considerable number of bacteria to 
the milk. 
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The bacterial content of some foods has been investigated by 
Esten and Mason. According to these authorities curing and 
sweating of hay is a bacterial fermentation, accompanied by for¬ 
mation of a layer of mold on the surface. The average number of 
bacteria per gram of hay was found to be 16,800,000, and a mix¬ 
ture of grass and rye contained 15,000,000 bacteria per gram. 
In hay two-thirds of the moisture is lost during storage, so that 
1 gram of hay equals in bacterial content about 3 grams of grass. 
During storage of hay the number of bacteria diminishes due to the 
disappearance of many varieties, but a few kinds increase. Lique¬ 
fying bacteria decrease. The authors found Bacterium lactis aeidi 
(Streptococcus lacticus) in but one out of a total of 28 samples 
examined. The following table shows the distribution of groups 
of bacteria in hay (Esten and Mason): 

DISTRIBUTION OF GROUPS OF BACTERIA IN HAY 

Acid Rapid Slow 

formers. liqueoers. Iiouefiers. Miscellaneous. 

.... 850.000 276.000 l,M8,000 H.240.000 

5 1 6 8.5 85 

Distribution of hay in the stable evidently contributes its 
quota of germ-laden dust to the air. This fact emphasizes the 
necessity, mentioned before, of constructing the ceiling of tight, 
dust-proof material and, if hay is stored in a loft above the stable, 
to carry it into the stable from the outside, instead of lowering it 
through a hole in the ceiling or through a chute. The contamina¬ 
tion of the air from hay is decreased somewhat if it is cured in the 
field before storage and if moistened before if is carried into the 
stable. 

The relation of the predominant groups of bacteria in grass is 
given by Esten and Mason as follows: 

DISTRIBUTION OF GROUPS OF BACTERIA IN GRASS 

Total liacteria. Acid formers. Liquefytntr haotena. Mi8C(*IJaneou^ 

15.000.000 .. . . 42.000 2»2,000 14.700.000 

Per cent ... 3 IF, 5 HI F, 

Swamp grass contains more bacteria than grass from meadows 
that are located on elevated ground. Esten and Mason found 
Bacterium lactis acidi in but 1 out of 9 samples examined. The 
average number of liquefying bacteria was 50 per cent, greater 
than on stored hay.* Soil bacteria are well represented on grass, 
but are not included in the estimations made from milk, as they 
do not multiply on the media that are commonly used for deter¬ 
mining the germ content of milk. 

Esten and Mason give the following number of bacteria on 
grain food, sawdust which is sometimes used for bedding, and 
dried blood: 


Total 
bactena. 
16,800,000. 
Per cent.. 
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NUMBER AND KINDS OF BACTERIA IN GRAIN FEEDS, SAWDUST, AND DRIED BUX)D 
Kind of Total Acid Miseel- 


Sample. matertal. num^. bacteria. Liqucfiers. ianeoua. 

1 .Cottonseed meal 2,468,000 ... 45,000 2,410,000 

2 .Cottonseed meal 310,000 ... ... _ 

3 . . .. .Cottonseed meal 30,500 ... ... 

4 .Gluten 70,500 

5 ... . . Gluten 38.000 7,000 1,800 29.500 

6 . . Gluten 41,500 

7 . . Cornmeal 3,200,000 

8 Bran 2.000,000 590,000 200,000 1,210,000 

9 . Dried blood 109,500.000 

10 . Moist sawdust 384,000 ,. . 1,300 382,700 


On grain the percentage of acid-forming bacteria is twice as 
great as on hay, while liquefiers are present in only half the num¬ 
bers. Bacterium lactis acidi was found in cornmeal only. 

Flies are almost constantly present in cow stables during 
the warm season. No matter how efficiently windows and doors 



Fig. 100.—Showing construction of windows to facilitate screening and 

ventilating. 


are screened, it seems practically impo.ssible to exclude the pests 
completely. When cows leave the stable or return, the time dur¬ 
ing which the doors have to remain open is long enough to admit 
flies which follow the animals. Furthermore, flies .are always 
attracted to cattle, and large numbers enter the stable with them 
(Fig. 100). 

Whether flies contribute to dust in the stable air is not cer¬ 
tain, although it seems reasonable to assume that they do in a 
measure. However, flies frequently drop into the milk and then 
the bacteria and the dust which they carry contribute to the 
germ content of the milk. The fly constitutes a particular men¬ 
ace, since it visits everywhere where filth is present. Flies may 
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carry the germs of intestinal diseases of man by visiting privies 
and urinals; or the germs of throat and lung diseases by feeding 
on sputum; or, finally, the germs of skin diseases by alighting on 
human beings suffering from such troubles. 

Esten and Mason estimated the number of bacteria on 414 
flies, and recovered from 550 to 6,600,000 from individual insects. 
The average for the 414 flies was 1,250,000. 

The material used for the bedding of cows may be an important 
source of dust. Wood shavings are usually recommended as the 
most cleanly, as they do not contain much dust and soon absorb 
enough moisture to hold the dust. Straw and hay, however, 
may emit clouds of dust when stirred by movements of the ani¬ 
mal, and are not as absorbent as wood shavings. When straw or 
hay are used for bedding it should be frequently renewed, and 
even then operations are liable to create dust. Wood shavings 
are cheap and can be readily obtained, so that there can be no 
serious objection to their use. 

It would appear from what has been said that the stable air 
is in a condition of greater or lesser saturation with dust and 
that it must be a formidable factor in contributing bacteria to the 
milk. Unfortunately, there are not many exact investigations 
available that throw light on this question. In moat cases the 
number of bacteria in stable air has been estimated by exposing 
culture-media in Petri dishes in different parts of the stable. This 
obviously is a crude method and, while it may show the presence 
of large numliers of micro-organisms in the air, it does not show 
the number by which the germ content of the milk is increased 
thereby. It is true that it has been sought to attain this object 
by mifking the san<e set of cows alternately in dust-laden air and 
in a relatively pure one, and then enumerating the germs of the 
milk. This method, however, does not differentiate between the 
dirt that drops into the milk from the animal during milking from 
the dust that is blown into it. Therefore, a more refined method 
is necessary to inform us as to the increase of tlie germ content 
due exclusively to the stable air. This subject has been ex¬ 
haustively investigated by Ruehle and Kulp by means of an 
ingenious apparatus which the authors call their “tin cow.” The 
“tin cow” is an arfpificial udder made of tin; two “teats” are 
attached to the udder and are made of rubber tubing with pieces 
of glass tubing, flattened at the end. The “tin udder" is sup¬ 
ported so as to give it the same protection from the air as the 
body of the cow, and is placed at such height from the pail as 
to give the same distance that obtains in actual milking. After 
the “tin udder” is covered with two thicknesses of closely woven 
cheesecloth and sterilized, it is filled with sterile water. The 
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tests that were made with this apparatus consisted in enumerating 
the munber of bacteria in the air by use of a specially designed 
aeroscope. Sterile water was “milked” from the udder into a 
narrow-top pail for the same length of time as was required to 
aspirate 7 liters of air through the aeroscope. As a check some 
of the sterile water from the “tin udder” was “milked” into sterile 
test-tubes. Another parallel test consisted in placing 500 to 
1000 c.c. of sterilized tap-water in a pail having an opening of 
266 sq. cm. This pail was kept covered until the other tests were 
commenced. The cover was then removed and not replaced be¬ 
fore the other teste were finished. Pails were also placed on the 
floor beside the apparattis to receive dust dropping from the air. 
The results of these exhaustive tests were these: During such 
barn operations as milking, feeding hay, grain, and the like the 
number of bacteria per liter of air would run from 50 to 200. 
The extremes were much lower and up to 825 per liter. When 
sterile water was “milked” from the “tin udder” the germ content 
of the “milked” water averaged 12 bacteria per cubic centimeter, 
with a maximum of 73. In similar tests made in the .stable loft, 
where dust was raised by sweeping the floor, the air contained 
1000 to 2000 bacteria per liter, with a minimum of 329 and a 
maximum of 5200. When the dust was raised continuously 
throughout the test period the average was 2500 to 10,000 bacteria 
per liter. 

Sterile water “milked” under extremely dusty conditions aver¬ 
aged 47.6 bacteria per cubic centimeter, and when the dust was 
maintained throughout the test period it averaged 604. The 
authors further enumerated the number of bacteria that would 
develop from the dust dropping into milk contained in an open 
12-inch pail during one hour. The maximum was 199 bacteria 
per cubic centimeter. 

The conclusion drawn by the authors from these experiments 
is that “occasionally under exceptionally dusty conditions the 
number of bacteria getting into the milk from the air may be ap¬ 
proximately as high as the numlier derived from the udder, but 
the number so derived under ordinary conditions does not increase 
the germ content of the milk to any important extent.” 

The work published by Ruehle and Kulp is a great aid in the 
study of sources of the bacterial content of milk, but it should 
not be interpreted as an encouragement to uncleanliness of barns. 
On the contrary, as it shows exactly how the germ content of 
milk is increased from dust in the air, it also shows by how 
much the germ content can be kept down by avoiding dust¬ 
raising operations immediately before or during the process of 
milking. 



micro-organisms in milk 


3. Contamination from the Hands and Clothes of the M 

-The milker may become a source of bacterial contaminat 
milk, and this factor is one of considerable importance. Cl 
personal habits (Fig. 101) will aid in keeping the germ cc 
low, while filthy habits serve to increase it. Russell has e 
that by careful milking the milk may contain 120 to 300 ba 
per cubic centimeter, against 7680 to 15,000 by ordinary 
ing. Esten and Mason found that after a milker had wash* 
hands in a quart of sterile water 45,000,000 bacteria had be* 
moved from the hands. After the milker had washed his 1 
with soap and warm water but 900,000 could be removed 
sterile water a reduction of 98 per cent. This experiment s 
that a large number of bacteria may drop into the milk from 



Fig. 101.—Clean milkers in clean suits. 


hands. It is obvious that dust-laden clothing of the milker 
also add a contribution of germ life to the milk. 

That the bacterial content of milk may vary when diffi 
milkers milk the same cow has been clearly shown by Stoc’ 
By comparing the germ content of milk drawn by regular men 
that of milk drawn by students who had received college tra: 
in cleanly milking, ft was found that the milk drawn by re| 
men contained an average of 2846 bacteria per cubic centim 
against 914 in the milk drawn by students. These results 
substantiated by another aeries of tests with 19 lots of i 
While the milk drawn by regular men averaged 17,105 bac 
per cubic centimeter, the milk drawn by students contained i 

The reduction of germ content by milkers trained in habi 
cleanliness is not the only reason why attention should be g 
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to personal hygiene of operators. There may be carriers of dis¬ 
ease germs among the milkers, and in that case a real menace 
is added to the milk. Perhaps the communication of patho¬ 
genic bacteria from milkers who are carriers, or who are in the 
incubation period of a communicable disease, or who are actu¬ 
ally suifering from light attacks, as walking typhoid fever, for 
example, cannot be entirely avoided by cleanly habits, but the 
menace from a cleanly person is surely not as great as from a 
careless one. Periodic medical examination of dairy employees is 
desirable if communication of infectious diseases is to be avoided, 
and even then the result is not absolutely certain. 

The method of milking has its influence on the germ content 
of milk. The method commonly known as “wet milking” is car¬ 
ried out by closing the thumb and forefinger around the upper end 
of the teat and then gliding down to the aperture. The air is 
squeezed out of the teat duct and suction created so that the milk 
flows from the udder. 

The gliding causes considerable friction on the skin of the 
teat and on the fingers of the milker. To remedy this trouble it 
is customary to lubricate the hands. This is done by moistening 
with some of the first milk or by the use of vaselin. Even saliva 
has been used as a lubricant, but this filthy and dangerous habit 
is becoming obsolete. 

When the hands are moistened with milk the dirt from the 
teat is rapidly loosened and mixed with the milk. This naturally 
increases the germ content. When the teats are smeared with 
vaselin the number of germs removed during milking operations 
is probably not great. Vaselin holds the dirt and with it the 
micro-organisms on the skin so that they are not easily detached. 
The use of vaselin or some other grease has l)een advocated by 
some as a protection of the teat against undue friction, thereby 
avoiding local inflammatory conditions. 

A more sanitary method of milking is becoming more popular, 
although it requires more strength on the part of the milker and 
.consequently more practice and perseverance. This method of 
“dry milking” is the only one permitted in the best dairies. The 
thumb and forefinger are closed around the upper end of the 
teat, and then, instead of gliding down, the other fingers are closed 
on the teat in succession. The vacuum is created in this manner. 
No lubricant is required in this method and the disadvantages of 
wet milking are largely avoided. 

Still it does not seem that the average germ content of milk is 
greatly increased by wet milking. Backhaus, for example, found 
7833 to 9000 bacteria after wet milking and 5600 to 7400 after 
dry milking. The difference between these numbers is not great. 
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but in carelessly managed dairies there would undoubtedly be a 
greater differertce. Clean cows with clean udders and teats pro¬ 
duce a milk with small germ content even with wet milking. How¬ 
ever, any condition that tends to increase the number of bacteria 
should be iliminated as much as possible. 

Not of least importance is the sort of pail used to receive the 
milk. Wooden pails are being rapidly replaced by metal ones, 
because the latter are cheaper, more durable, and easier to clean. 
Aside from the bacteria that are present in improperly cleaned 
pails, the wide opening of the usual style admits much of the dirt 
that drops from the cow during milking and dust from the air. 
This fact was first recognized by the introduction of the so-called 
“strainer pail.” This is an ordinary metal pail of which one- 
half or less is covered to protect the milk from dust falling into 



it. The milk is strained by pouring it out of the pail through a 
section of closely woven wire-cloth soldered into one side of the 
can. This pail never was popular and is now practically aban¬ 
doned. 

It is not difficult to realize that a great deal of dirt ordinarily 
drops into the milk during the milking process, since much of 
it is held by the foam that forms on the surface. As milking pro¬ 
gresses the foam becomes darker with dirt particles. The germ 
content of the foam, however, does not appear to be excessive, 
according to Harding, Ruehle, Wilson, and Smith, who found in 
a series of 36 samples that the foam had a germ content of 13,511 
bacteria per cubic centimeter, while in the center of the milk there 
were 14,876 bacteria per cubic centimeter, and in the stirred milk 
18,089. These figures suggest that the dirt particles in the foam 
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were not broken up, but as soon as they were broken up by stir¬ 
ring with the milk the bacterial content increased. 


1 > i I * I *, 

V,]^| 



103—Use of sanitary milk-pails. The open pail is fully exposed to 
the falling dust, while the hooded pail excludes much of the dust and dirt 
coming from the animal. (Lane, U. S. Dept, of Agric., B. A. I., Circular 158.) 


The amount of dust dropping into milk may be somewhat 
reduced by holding the pail at an angle as illustrated in Fig. 102. 



Fig. 104.—Good style of Freeman Fig. 105.—Poor style of Freeman 
milk-pail. milk-pail. 

(Harding, Wilson, and Smith, New York Agric. Exp. Sta., Bull. No. 326.) 


A more efficient protection is obtained by using some device to 
reduce the size of the opening (Fig. 103). Freeman designed a 
pail (Figs. 104, 105) with a hood attached, by means of which a 


Fig. 112.—Storre' pail. Fig. 113.—Loy pail. Fig. 114.—Modified Loy paiL 
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considerable portion of the dirt was diverted from the milk. 
However, this hood rendered it difficult to clean the pail and the 
actual milking process required more time than with an ordinary 
pail. Subsequently pails were designed whose tops were par¬ 
tially covered, leaving but a small opening of a few inches in 
diameter. It has been objected to these devices that milk¬ 
ing is rendered more difficult, but it has been shown that this 
objection can easily be overcome by some practice. Pails of such 
construction are now widely used, especially in certified milk 
dairies. 

One of the earliest types of “small-top” pails was designed 
by Mr. H. B. Curler, of DeKalb, Ill. (Fig. 106), and was used in 



Fig. 115.—Haymaker pail. (Stocking, Storrs’ Agric. Exp. Sta., Bull. No. 48, 

May, 1907.) 

his dairy as early as 1895. The opening is covered with a layer 
of absorbent cotton held in place by two pieces of cheesecloth. 
The pail with the cheesecloth and cotton cover’ is sterilized before 
using. • A side spout with a cover enables the milker to remove 
the milk from the pail without disturbing the strainer. 

Another style of small-top pail is known as the Stadtmueller 
pail and used first in 1897 (Fig. 107). The opening is 3f inches 
wide and the milk enters the pail through a metal and cloth 
strainer. The Newburgh pail is similar to th6 Stadtmueller, the 
chief difference being the absence of the strainer (Fig. 108). 



Fig. 118.—Bostwick's sanitary milk- Fig. 120.—Fishmouth sanitary milk- 

pail and cover. pail. 

(A. H. Barber Creamery Supply Co.) 
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Th«re are three objections to strainers, namely; 1, the filth that 
gathers on the strainer is exposed to the force of succeeding streams 
of milk, so that part of it is broken up and passes through the 
strainer; 2, cotton can be used but once, and the expense of pro- 



Fig. 121.—Nesco sanitarj' milking Fig. 122.—The North milking hod. 

pail. 

(A. H. Barber Creamery Supply Co.) 

duction is increased thereby; 3, the cloth requires much care if 
used repeatedly, and any carelessness in cleaning the cloth in¬ 
creases the germ content of the milk. 



Fig. 123.—The latest development in covered railk-paila. (Stocking, Storrs’ 
Agric. Exp. Sta., Bull. No. 48, May, 1907.) 

Other pails that have gained considerable favor are the True¬ 
man, Loy, Haymaker, North, Storrs, Atlantic, Champion, Fran¬ 
cisco, Lisk, Sterilac, Bostwick, Elgin, Fishmouth, Nesco (Figs. 109- 
122), and others. Dirt is excluded most effectively by using a pail 
described by Stocking (Fig. 123). The pail itself serves as a stool 
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for the milker. It has a spout attached to one side, and to. the 
top of the spout two rubber tubes are attached. Each rubber 
tube has a funnel of about I 5 by 2 inches around the top. The 
funnels are attached to the hands of the milker by elastic bands, 
so that each funnel is held directly under the end of the teat from 
which the milk is being drawn. Very good results in reducing 
the germ content have lieen obtained, but the pail is inconvenient, 
not easy to clean, and probably not iiracticable for use when large 
herds are milked. 

The benefits derived from the use of narrow-top pails are 
illustrated by the work of several investigators. Stocking has 
given the subject considerable attention, and has published 
figures of the germ content of milk drawn into ordinary pails and 
small-top pails. In a stable where considerable care is exercised 
the following results were obtained: 

GERM CONTENT OF MILK DRAWN INTO OPEN PAIL AND STADTMUELLER PAIL 
Kind of pail. Total bacteria. Acid forming. Liquefying. 

Open 42,400 :I8,60O m 

Stadtmueller 6,420 1.550 342 


In a, stable above the average th(; results were these; 

GERM CONTENT OF MILK DRAWN INTO OPEN PAIL AND STADTMUELLER PAIL IN A 
VERY (’LEAN DAIRY 

Kind of pail. Total bacteria. Acid foriDiiig. Liquefying. Curdled at 50° C. 

Open 33.150 24V0 430 115hDur8 

Stadtmueller, 1.740 m 234 138 “ 


In a dirty stable the difference betw'een the two styles of pails 
was considerable, as shown by the following figures; 


GERM CONTENT OF MILK DRAWN INTO OPEN PAIL AND STADTMUELLER PAa IN A 
DIRTY DAIRY 


Kind of pail. 

Open 

Stadtmueller . 


Total bacteria. 
3.430,200 
• 103,600 


Acid forming. 
2.442,200 
57,800 


Liquefying. 

18,550 

5,760 


These experiments show clearly the effect of a small-top pail 
in reducing the germ content of milk, and show further that the 
reduction is more marked .in proportion to increasing carelessness 
of methods. 

Extensive studies as to the benefits derived from using small- 
top pails were made by Harding, Wilson, and Smith. When using 
the Freeman pail 740 •bacteria per cubic centimeter of milk were 
enumerated, while in an open pail there were 1435, a reduction 
in favor of the small-top pail of 48.4 per cent. The Loy pail 
gave even better results, the reduction of germ content being 56 
per cent. The Atlantic pail reduced the germ content by 50.7 
per cent.; the Champion pail, by 66.1 per cent.; the Newburgh 
pail, by 70.1 per cent.; the Curler pail, by 55.6 per cent.; and a 
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modified Loy pail, by 66 per cent. This modified Loy pail in 
another series of experiments gave a reduction of 70 per cent. 
The modification consisted in reducing the size of the opening 
to 5 by 7 inches and making the cover flush with the top of the 
pail, so that entrance of foreign matter, when emptying the milk, 
was prevented. 

The evidence is convincing that the use of covered pails re¬ 
duces the geim content of milk to a marked degree. It is stated 
by Harding, Wilson, and Smith that an elliptic opening is more 
satisfactory than a round one, as the former facilitates milking 
without waste. The cover of a small-top pail should be sufficiently 
Convex so that the entire inside of the pail can be seen and easily 
reached for cleaning. The cover should be flush with the top of 
the pail so as to avoid a groove in which dirt collects. 

Some small-top pails are higher than ordinary pails, thus caus¬ 
ing difficulty in milking short-legged cows. A height of 12 inches 
is the best adapted for all purposes. Cover’s that can be removed 
and that are fitted to the tops of ordinary milk-pails answer the 
purpose very well when well made, and are inexpensive. 

The influence of strainers in small-top pails on the germ con¬ 
tent of milk has also been investigated by Stocking. When using 
the Stadtmueller or Haymaker pail he found that the milk had a 
smaller number of bacteria when the strainer was omitted than 
otherwise. This is shown by the following figures: 

GERM CONTENT OF MILK DRAWN INTO A STADTMUELLER PAIL WITH STRAINER AND 
ONE WITHOUT STRAINER 



Total bacteria. 

Acid funning. 

liquefying 

Without straioOT.... 

890 

204 

36 

With strainer. 

. . 1210 

240 

62 


The strainer in these experiments consisted of wire gauze with 
two thicknesses of fine cheesecloth. 

Opposite results were obtained when using the North and 
Curler pails. This is shown in the following table: 


GERM CONTENT OF MILK DRAWN INTO NORTH AND GURLER PAILS WITH STRAINERS 
AND WITHOUT STRAINERS 


Kind of pul. 


Niwth. 

Gurler. 


Stmner. Total bacteria. 
Without BtraiQCT 1160 

With stmner S0O 

Without strainer 277.1 

With stmner 824 


Acid forming. 


200 



Liquefying. 

ISO 

85 

87 

22 


The Haymaker pail again gave higher results with the strainer: 


GERM CONTENT OF MILK DRAWN INTO STADTMUELLER AND HAYMAKER PAILS WITH 
AND WITHOUT STRAINERS 


Kind of pul. Btruner. Total bacterm. Add forming. Liquefying. 


Btadtmueller 
Haymaktf.. 


Without etruner 
With strwner 
Without Btruner 
With strainer 


800 

1210 

1820 

1237 


204 

240 

767 

827 


36 
52 

37 
27 
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T several dairy problems the writer, with 

Luckhardt and Hicks, studied the effect of a brass strainer in 
small-top pail similar to the Stadtmueller type. The bacteria 
were enumerated in 108 lots of milk drawn into the pail with the 
strainer inserted, and the same number of lots from the same cows 
on alternate days into the pail without the strainer. The aver- 
Ton bacteria per cubic centimeter without the strainer 
and 620 with the strainer. The figures are too close to draw con- 
c usions in favor of either method. Since the strainer increases 
the work of cleaning the pail and unless properly sterilized woUld 
tend to mcrease the number of bacteria, it seems profitable to 
omit It m some styles of small-top pails. 

In some pails, as Stocking has shown, the presence of a strainer 
reduced the germ content, while in others the germ content was 
increased. The increase of bacteria can be explained only on the 
hypothesis that the accumulating dirt is broken up and carried 
into the milk by succeeding streams of milk. If the strainer is 
constructed in a manner which causes the dirt to be washed 
aside, better results can be obtained with a strainer. If the 
strainei were of a conical shape the dirt would be washed away 
from the place wdiere t he fresh streams of milk strike. Theoretic¬ 
ally a properly constructed conical strainer would seem to be use¬ 
ful. Such a strainer was placed on the market, but has apparently 
not met with much favor. 

The narrow-top pail is clearly a decided improvement over the 
old-fashioned open pail, inasmuch as the germ content is mate¬ 
rially reduced by its use. Cotton strainers seem to be of some 
benefit if the .dirt remains in a place where it is not struck by 
streams of milk, but if the streams do strike the dirt it is broken 
up and a portion of it will eventually reach the milk and increase 
the germ content. 

On the foregoing pages it has been shown that there are im¬ 
portant sources of contamination by which the germ content of 
milk is increased during milking operations. With the intro¬ 
duction of milking machines it was hoped that, by conducting 
the milk from the udder into the pail without exposure to con¬ 
taminating conditions, such as dust, filth, and stable odors, these 
sources of bacterial pollution could be eliminated. Expectations 
have been realized in a measure, but the machine has introduced 
factors which need special attention. 

It is obvious that the simpler the construction of machines 
and utensils, the more easily can they be kept in sanitary condi¬ 
tion. The milking machine is rather complicated, and the dif¬ 
ferent parts, unless properly cleaned, offer harboring places for 
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bacteria which multiply in remnants of milk and then increase 
the germ content of the product. 

Besides reduction of germ content of the milk, other advan¬ 
tages may be derived from the use of milking machines. One of 
these is the reduction of help necessary to carry on milk produc¬ 
tion. Farm help is notoriously difficult to obtain, and through 
scarcity of help the dairy industry has not developed to a desir¬ 
able degree. Another advantage lies in the fact that the chances 
of contaminating milk with pathogenic bacteria from the milker 
are materially reduced by the aid of milking machines, since* the 
direct contact of human beings is largely excluded. 

The idea of substituting machines for milkers is not by any 
means of recent origin. Perhaps the earliest attempt to facilitate 
milking was by introducing straws through the teats into the cis¬ 
tern, thus opening the sphincter muscle and allowing the milk 
to flow from the udder. This method, however, is objectionable 
because of the contamination from the straw and the possibility 
of irritating or injuring the tissues. Inventors first occupied 
themselves with designing milking machines in the decade com¬ 
mencing with 1870. Martiny, quoted by Lane, knew of 29 dif¬ 
ferent machines that had been patented or mentioned in the 
literature between 1877 to 1899. In the United States 127 
patents on milking machines or separate parts thereof were 
applied for during the period from 1872-1905. But few machines 
survived actual tests, and it is only within very recent years that 
the milking machine has become an efficient factor in milk produc¬ 
tion. 

Three principles have been applied in designing milking 
machines, namely: 1, introduction of a milk tube into tbe cistern; 
2 , pressure applied to the base of the teat where it is attached to 
the udder; 3, suction. The third principle has proved the only 
successful one, as by its means the natural sucking of the calf 
can be imitated. In machines constructed on this principle the 
teat is placed in a cup from which the air can be exhausted by 
means of a pump—either a hand-pump, a foot-pump, or a vacuum 
created by machinery. The best modern machines alternate 
sucking and pressure by inflowing air, thus creating pulsations in 
imitation of the sucking of calves. , 

Several difficulties presented themselves when machines were 
first put into practical use. The difficulties have been success¬ 
fully overcome, in a measure- at least, so that milking machines 
of modern type actually do the work demanded of them. One of 
the difficulties was found in proper cleaning of the machine after 
use. Some parts of the machine are made of rubber, and this is 
notoriously difficult to sterilize without injuring the material. 



MICB0-0RGANISM8 IN SULK 


307 


Next to this the greatest difficulty experienced has been proper 
construction of the teat cups. The size of teats varies greatly 
not only in different animals but also in the same animal accord¬ 
ing to the stage of the lactation period. To meet this condition 
it was formerly required to have a number of cups available. 
As a consequence changes frequently had to be made after the 
cups had been sterilized, thus exposing them to renewed contamina¬ 
tion. By accident or carelessness cups might drop and become 
contaminated with filth from the floor. 

A third, by no means unimportant, difficulty was the neces¬ 
sity of accustoming the cows to the use of the machine. The 
suction power must be properly regulated, otherwise injury to 
the teat may result, and the animal must get used to the clicking 
of the machine caused by the alternation of sucking and pressure. 

Finally, the problem arose whether the machine would exert 
an influence on milk secretion and decrease the amount of the 
product and perhaps abbreviate the lactation period. 

These problems have been investigated by a number of au¬ 
thorities, and it can be stated that the milking machine has 
emerged from the experimental period and that means have been 
found for. overcoming many difficulties in large measure. Im¬ 
provements have been made rapidly since scientific investigation 
has shown where the machine was at fault, and it is expected 
that within a short time further improvements will be made, so 
that the milking machine will be useful even in the hands of un¬ 
trained men. 

The results of using milking machines in earlier periods were 
rather discouraging. Harrison in 1899, working with the “This¬ 
tle” machine, found that the machine-drawn milk had 141,616 
bacteria per cubic centimeter in the morning’s product and 
165,033 in the evening milk. Hand-drawn milk had but 10,619 
in the morning’s product and 12,890 in the evening milk. The 
hand-drawn milk had, therefore, about one-fourteenth the num¬ 
ber of bacteria that machine-drawn milk contained. 

Later investigations, however, have given more encouraging 
results. Hastings and Hoffmann found that machine-drawn milk 
contained no more bacteria than hand-drawn, and this result 
was obtained when operations were carried on in a barn which 
was kept in good condition, but not in a scrupulously clean con¬ 
dition, such as prevails in certified milk barns. Under more 
ordinary conditions the outcome of the experiments would prob¬ 
ably have been decidedly in favor of the machine. 

An exhaustive study was made by Stocking and Mason in 
1907. The authors found that the method of cleaning the ma^ 
chine was of paramount importance in producing results. Mar 
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chine-drawn milk had a higher germ content than hand-drawn 
milk when the following methods of cleaning were employed: 
Cleaning the machine by pumping water through it; placing the 
cups after cleaning the machine in a solution of Gold Dust 1 ; 300; 
and by using borax in the cleaning fluid.' When the parts of the 
machine were sterilized in steam the germ content of machine- 
drawn milk was still somewhat higher than in hand-drawn m ilk. 
And even when the rubber parts were placed in a 10 per cent, 
sodium chlorid solution after the machine had been washed the 
bacteria were more numerous in machine-drawn milk than in 
hand-drawn milk. Good results were obtained when 2§ per cent, 
of formalin were used for cleaning, and still better results with 
3.5 per cent, formalin. In the latter case the parts were prac¬ 
tically sterile. 

Strong brine has been recommended by manufacturers of 
milking machines as a suitable antiseptic for keeping the rubber 
parts of the machine between milking periods. Stocking and 
Mason, however, found that when the salt solution was three 
days old it contained 1000 to 2000 bacteria per cubic centimeter. 

An important factor came to light in the experiments of Stock¬ 
ing and Mason. It has been stated before that milking machines 
operate by alternating suction and admission of air for relief of 
the vacuum. This air, of course, comes from the stable and from 
the immediate environment of the cow. It therefore contains 
many bacteria. By filtering the relief air through absorbent cot¬ 
ton impurities were eliminated and satisfactory results obtained. 
This is illustrated in the following table given by the authors: 


INFLUENCE OF COTTON RELIEF FILTERS ON THE GERM CONTENT OF MACHINE-DRAWN 

MILK 


WilJi cotton filtera ... 
Without cotton filters .. 



Total bacteria. 

Acid forming. 

Liquefiers. 
Rapid. Slow 

Machine 

1.578 

662 

14 

80 

Hand 

4.560 

1142 

18 

280 

Machine 

11.541 

6209 

22 

238 

Hand 

7,467 

3226 

40 

181 


The effect of cotton filters is clearly shown not only in regard 
to total numbers of bacteria but also in regard to groups. Acid¬ 
forming bacteria and liquefiers were less numerous, as were total 
numbers. , 

Results obtained by Haecker and Little Ihowed also that low 
bacterial counts can be obtained by machine milking, but only 
when aU parts are thoroughly cleaned. 

Meek again found that machine-drawn milk contained about 
twice as many bacteria as hand-drawn, but Hastings and Hoff¬ 
mann after a series of tests concluded that machine-drawn milk 
and hand-drawn milk contained about the same number, possibly 
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slightly less in machine-drawn milk. The parts were kent in 
hm^water during the intervals between milkings. ^ 

Harding, Wilson, and Smith made extensive studies of the 
prm content of machine-drawn and hand-drawn milk. The 
teat cups remained m 10 per cent, salt solution after the machine 

^ Comparative counts of milk obtained 

after the teat cup had been kept in brine with those of milk 
not so treated gave the following results: Average of 11 samples 
aftei; immersion of the cups in brine, 17,080 bacteria per cubic 
centimeter, and 9 samples with the cups not immersed in brine 
gave an average of 188,580 bacteria per cubic centimeter. 

The authors call a,ttention to the importance of removing the 
air from the tubes of the machine while they are immersed in brine, 
lests showed that when air was pre.sent the average of 11 samples 
was 4740 bacteria per cubic centimeter, while without air in the 
tubes the average of 12 samples was 1990 bacteria per cubic 
centimeter. 

These authors confirmed Stocking and Mason’s work on the 
efficiency of relief filters, and determined that absorlxsnt cotton 
IS more efncieiit than common cotton. An improvement in the 
construction of the teat cups made possible a further reduction 
of germ content by allowing a larger filter to lie inserted. Milk 
drawn by a machine of the old type contained 8340 bacteria per 
cubic centimeter in an average of 24 samples, while milk drawn 
with the new machine had 3210 bacteria per cubic centimeter in 
an average of 24 samples. 

Changing of teat cups before milking increased the germ con¬ 
tent from 4150 to 6410 bacteria per cubic centimeter. The im¬ 
portance of proper handling of the machine is further emphasized 
by tests made of milk that had been milked in a pail the cover 
of which had been removed and replaced before milking. The 
bacterial content was 5850, against 4220 in a pail the cover from 
which had not been removed. 


The influence of machine milking on milk secretion has been 
studied by Lane, Well and Humphrey, Beach, Price, Alexander, 
Smith and Harding, and others. The difference in quantity pro¬ 
duced by machine and hand milking, if there is any, is too small 
to be measured. • 

The investigations recorded show that milking by machine is 
not only feasible, but has some advantages. The expense of run¬ 
ning a machine is small, amounting to 4 cents per hour, 6 cents per 
milking, and $3.60 per month (Woll and Humphrey). The ex¬ 
pense for repairs is relatively small and the saving in help con¬ 
siderable. 

In order to obtain favorable results, however, intelligent care 
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is necessary, probably more than in hand milking. The vacuum 
should not be higher than 15 to 15.5, otherwise injury to the cow 
may result, and the yield is not greater with’a higher vacuum. 
Cows have to become accustomed to the machine, and this is 
more diflScult with some animals than with others. It has been 
observed that when hand milking is replaced by machine milking 
there is a temporary shrinkage in yield. This, however, is also 
true when milkers are changed, and is, therefore, no objection to 
the use of a machine. The cost of a machine and the cost of 
installing amounts to nearly S400. It is, therefore, not advan¬ 
tageous for herds smaller than 15 cows. 



Fig. 124.—Milking machine used in experiments by Lane and Stocking. 

(Bull. No. 92, B. A. I.) 

The machine must be properly cleaned and the parts kept in 
brine or an equally efficient antiseptic solution between milkings. 
Cleaning the machine before use is estimated to occupy ten to 
twenty minutes, and attention after milking about twenty minutes. 
This extra time is, of course, more than compensated for by the 
time saved in milking, as each milker can handle two machines 
or even three at the same time, and each machine milks two cows 
simultaneously. In the usual form of machine the milk runs 
into one pail from two cows. This is a disadvantage when it is 
desired to learn the productivity of individual animals. Recently 
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Fig. 126— Burrell-Lawrence-Kennedy milking machine. Used in station ex¬ 
periments. (Smith and Harding, ew York Agric. Hxp. Sta., Bull. No. 353.) 

designed machines receive the milk from each cow separately ■ 
(Figs. 124-131). 
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When carefully used the machine has no injurious effect on 
the teats or the udder. Some cows are difficult to milk by ma¬ 
chine, as, for example, old cows, those advanced in the lactation 



Fig. 127.—Globe milking machine. (Harding, Wilson, and Smith, Bull. No. 
317, New York Agric. Exp. .Sta.) 

period, those having abnormal teats or udders, and those with 
nervous temperament. These must either be milked by hand or 
removed from the herd. 



Fig. 128.—Method of delivery of milk by Burrell-Lawrencc-Kennedy machine. 
Harding, Wilson, and Smith, Bull. No. 317, New York Agric. Exp. Sta.) 

The teat cups must always fit well to the teats, otherwise the 
latter may be injured, or air may be sucked in and the milk be¬ 
come contaminated. Most of the tvork on milking machines 
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that has been published has been done with the Burrell-Lawrence- 
Kennedy machine. In this machine the vacuum is produced at 
the end of the teat, where a cup is provided to support the teat. 
The air is prevented from entering the cup by a rubber curtain. 



Fig. 129.—Details of construction of Ilurrell-Lawrencc-Kenncdy machine. 
(Harding, Wilson, and S'mith, Bull. No. 317, New York Agric. I'Xp. Sta.) 


The four cups are connected by me.ans of tubes to the teat cup 
connector, and from here a large rubber tube connects with the 
pail. A piece of glass tubing is inserted so that the passage of 
milk can be observed. The vacuum is intermittent and pulsa¬ 
tions occur about once a second. The rate of pulsation is adjust- 



Fig 130—Two styles of pulsator head of Burrell-Ijawrence-Kennedv 
machine. Blocks show sizes of filters. (Harding, Wilson, and Smith, Bull. 
No. 317, New York Agric. Exp. Sta.) 


able. The air that is admitted between pulsations is filtered 

through a cotton filter. > i i ■ 

The milking machine has proved to be helpful in milk 
production and a better grade of milk can be produced than 
by hand milking. However, good results clearly depend upon 
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intelligent usage, but when this is exercised there is a saving in 
time and money and dairying as a source of profit is encouraged. 



Fig. 131.—^Various styles of teat cup connectors of Burrell-Lawrence-Ken- 
nedy machine. Blocks show sizes of niters. (Harding, Wilson, and Smith, 
Bull. No. 317, New York Agric. Exp. Sta.) 

From a sanitary point of view the reduction of the germ content 
and the small chance of infection reaching the milk are the chief 
advantages. 

Contamination from Utensils 

Utensils may contribute largely to the germ content of milk. 
It is very probable that under ordinary farm conditions the 
utensils are, in reality, the most proUfic source of bacteria, a greater 
source perhaps than the cow. In both cases cleanliness and 
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care aid in' reducing the germ content of the product. In cans, 
seams and sharp corners, dents and rusty spots are difficult to 



Fig. 132.—Wonpeace milk-can. (A. H. Barber Creamery Supply Co.) 




Fig. 133.—ThcWiscon- Fig. 134.—^The Hudson Fig. 135.—^I’he Virginia 

sin pattern milk-can. pattern milk-can. pattern milk-can. 

(A. H. Barber Creamery Supply Co.) 



clean thoroughly, and the diluted milk that may remain there for 
the time elapsing between milkings furnishes food for bacterial 
growth. This condition is intensified in summer when favorable 
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temperature encourages germ growth.- Furthermore, tTie handling 
and repeated sterilizing of cans subject them to rough usage, 
so that dents are formed which offer hiding places for bacteria. 
The inside wall of cans and other utensils should be smooth and 



Fig. 136.—The “New York Spe¬ 
cial” milk-can. (A. H. Barber Cream¬ 
ery Supply Co.) 


Fig. 137.—Sanitary cold-hold can. 


the corners rounded off. Seams should be filled with solder, and 
after washing no moisture should remain (Figs. 132-137). 

Similarly, the strainers (Figs. 138-140), the coolers (Figs. 141- 
143), and the bottling machines (Figs. 144-147) require care in 
order to clean out hiding places of bacteria. Strainers should 


Fig. 138.—Ekvall Duplex milk strainer. (A. H. Barber Creamery Supply Co.) 

be constructed so as to have a higher center than periphery, so 
as to facilitate washing down dirt, particles without exposing them 
to the new streams of milk that tend to break them up. Valves, 
bearings, and other intricate parts of machinery need special 
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Fig. 141,—Davis’ milk and cream cooler. 


Russell found that when a pail was sterilized the germ con- 
;ent of the mjlk was 165 per cubic centimeter, while in a pail not 
iterilized the number was 4265. Lohnis and Kuntze counted in 
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Fig. 142.—Circular milk cooler. 



Fig. 143.—Chilly King cooler. (A. H. Barber Creamery Supply Co.) 

unsterilized pails ten to one hundred times as many bacteria as 
in sterilized ones. In cans cleaned in ordinary fashion Harrison 
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found 442,000 bacteria 
water, but in cans that 


per cubic centimeter in 100 c.c. of wash- 
were washed with tepid water and then 




Fig. 145.—Davis’ standard combined filler and capper. 


scalded the number was reduced to 54,000. Careful washing and 
subsequent steaming for five minutes caused a further reduction 
in germ content to 880 per cubic centimeter. 
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Fig 146 —Davis’ automatic power combined filler and capper. 


INLET 



Fig. 147.—Davis’ single bottle capper. 


OurLET 

Fig. 148.—Can rinser. 
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Prucha, Harding, and Weeter determined in a series of exneri- 
the germ content of the milk was increased by 57%7 

b”. n“SS "■* 

sable J the germ content of milk is to be kept low. Care ex- 

^^™als, and milking pails may produce milk 
with sma 1 numbers of bacteria, but good results from these prac- 

snTbnTif ^ ^i^'^ted unless equal care is given to cans, Ll- 

Iv> ’rir> ^ •+K of milk adhering to utensils should 

be rinsed with cold or lukewarm water, then the utensils should( 



be scrubbed with some alkaline solution, wash powder, soap pow¬ 
der, or some similar preparation. Finally, steam should be ap- 
pUed (Figs. 148-151). Steam under pressure is most effective, 
and large autoclaves Jjave lieen constructed to serve this purpose. 
Cans and pails may be treated with a jet of pressure steam, or 
may be held tightly by a special device while subjected to the action 
of steam. Good results may be obtained by exposing utensils to 
steam in a closed chamber for a considerable time, and even boil¬ 
ing water destroys nearly all micro-organisms. A simple and inex¬ 
pensive steam sterilizer for small dairies has been devised by Ayers 
& Taylor and is described in Farmer’s Bulletin No. 748. 

21 
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Under practical conditions none of these methods of “steriliza¬ 
tion” sterilize in the bacteriologic sense. A few bacteria, mostly 
spores, remain, and, therefore, all utensils must be thoroughly 
dried in order to prevent growth of these germs. By inverting 
cans and pails in a warm place or in the sunshine this is readily 
accomplished, but the air must be free from dust and other con¬ 
taminating influences (Fig. 152). 

The possible sources of bacteria in utensils are chiefly rem¬ 
nants of milk, air, and water. A supply of pure water must be 



Fig. 151.—Steam sterilizer for cans. 


available to avoid pollution of utensils from this source, and by 
inverting cans the amount of dust that enters is largely reduced. 
The milking pails should be covered with cloth after cleaning, 
according to Harding, Ruehle, Wilson, and Smith. The authors 
tested milk from improved Loy pails which had been cleaned in 
the same manner and steamed for fifteen minutes, but two were 
protected by cloths tied over the tops, while two were not so 
treated. The pails were brought to the milkers immediately be¬ 
fore milking and the cloths removed at this time. The milk in 
the protected pails contained 922 bacteria per cubic centimeter, 
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while in the unprotected pails there were 2391 bacteria per cubic 
centimeter. 

By-products of creameries and cheese factories are usually re¬ 
turned to producers in the containers that the cream or milk 
was delivered in. The skimmed milk and whey sometimes stand 
for days in the cans or barrels before called for by their owners. 
During this time fermentation and putrefaction sets in and flies 
have free access to the products. It is obvious that under such 
conditions cans and barrels are difficult to clean, and one careless 
producer may thus infect the utensils of other patrons. This con¬ 
dition needs particular attention, since it may become the means 



Fig. 152.—A mere pretense of a milk-house. Turkeys roosting around the 
milk utensils. (Webster, Bull. No. 56, Hygienic Laboratory.) 


of spreading disease germs, especially the germs of bovine tuber¬ 
culosis. It is, therefore, customary in the best creameries and 
cheese factories to wash and steam the cans before returning 
them to their owners. The same practice is carried out by many 
dairies, since it is realized that steam is not available at many 
farms. All by-products of creameries and cheese factories should 
be pasteurized as soon as possible, so as to prevent decomposition 
and the spread of disease germs. A pasteurized by-product has 
the additional virtue of being more suitable as food for farm 
animals than a fermented or putrefied product. 

The evidence shows clearly that the bacterial content of milk 
may be considerably increased if utensils are not properly cared 
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for. Harding, Ruehle, Wilson, and Smith made a series of 17 
tests to detennine at what point bacterial pollution was of great¬ 
est influence. The following figures were obtained: 

The strippings contained 57 bacteria per cubic centimeter 

Milk from the pail contained 161 “ " “ 

Milk from the cooler contained 426 " “ “ 

Milk from the can contained 443 “ “ “ 

Milk from the strainer contained 473 " “ “ 



Fig. 153.—Combined sterilizing oven and truck. (A. H. Barber Creamery 
Supply Co.) 



Fig. 154.—Sterilizmg oven. (A. H. Barber Creamery Supply Co.) 
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These figures show that even when great care is taken to clean 
utensils there is a constant increase of bacteria, although the actual 



Fig. 15.5.—Steam turbine washer. 



Fig. 156.—Special srteel frame bottle truck. 


germ content of the milk may be surprisingly low. The sudden 
bacterial increase in the sample from the cooler was due to two ex¬ 
ceptionally high counts, which raised the average, and shows that in 
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spite of all possible care sometimes the utensils contribute largely 
to the germ content. The utensils were cleaned with hot water 





Fig. 158.—Davis’ combined rinser and sterilizer. 

and sal soda and then treated for ten to fifteen minutes in a steam 
box. 
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The bottles in which milk is sold require special care to avoid 
undue pollution. Here also the number of bacteria may be 
increased, and there is the further menace of communicable dis¬ 
eases being carried in bottles. Milk is frequently delivered at 
houses early in the morning and is left outside without ice, ex- 
' posed to the rays of the sun, and sometimes a prey to animals. 



Fig. 159.—Sanitary hygienic milking stool. 

Domestic animals have been known to be carriers of diphtheria 
and other infectious diseases and may communicate the germs 
of these diseases to the milk by licking the caps of exposed bottles. 
Even after bottles have been cleaned and sterilized at the dairy 
there is possible danger of reinfection by handling (Figs. 153-158). 



Fig. 160.—Sanitary milking stool. 


As a matter of factj the germ content of milk in bottles is usually 
higher than in the milk as it leaves the cooler, whether the milk is 
pasteurized or not (Figs. 159, 160). 

Contamination During Transportation 

During transportation several causes may operate to increase 
the germ content of milk. The most important factor is probably 
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the temperature, 
as is desirable, 
according to Hunziker, is as follows: 

^ Orimal number of bactwia in the milk. 6,000 pfff cubic centimeter 

After twenty-four hours at 42“ F. . ^’^9® !! !! !! 

After twenty-four hours at 50“ F. 7,000 

After twenty-four hours at 65“ F. 2f^,000 ‘‘ 

After twenty-four hours at 95“ F.. 12,500,000 * “ “ 

The decrease at 5° C. may be explained by the so-called germi¬ 
cidal property of fresh milk, which also may account for the rela¬ 
tively small increase at 10° C. At higher temperature the influ¬ 
ence of this property is of such short duration that the results are 
not materially affected. 

Conn gives the following figures illustrating the multiplication 
of bacteria according to temperature: 


NUMBER OF BACTERIA PER CUBIC CENTIMETER IN MILK KEPT AT DIFFERENT TEM¬ 
PERATURES 






Iq 60 hours 
or at time 

No. of hours 

No. of hours 

No. at 

In 12 hours 

In 12 hours 

In 50 hours 
at 60“ C 

of curdling 

to curdling 

to curdling 
at 70“ C. 

outset. 

at 50“ C. 

at 70“ C. 

at 70“ C, 

at 50“ C. 

46,000 

39,000 

249,500 

1,500,000 

.542.000.000 

190 

56 

47.000 

44,800 

300.000 

127,600 

792,000,000 
36 hours 

289 

30 

50,000 

35,000 

800,000 

160.000 

2.560.000,000 

42 hours 

172 

42 


Cooling facilities are not as efficient, as a rule, 
The rate of multiplication of bacteria in milk, 


Conn further estimated that the initial number increased fivefold 
at 10° C. during twenty-four hours and 750-fold at 21° C. (Fig. 161). 


a b 



Fig. 161.—o, Single cell, b, Progeny of one cell, milk kept at 50° F. for 
twenty-four hours, c. Progeny of one cell, milk kept at 70° F. for twenty- 
four hours. (Conn, Storrs^Agric. Exp. Sta., Bull. No. 26, October, 1903.) 


The author concludes that “keeping of milk is more a matter 
of temperature than of cleanliness,” and Harding says that “in 
practically all cases when more than twelve hours elapse between 
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milking and sampling, growth accounts for the lar^r part of the 
germs found. Accordingly, temperature control is the largest 
factor in controlling germ life in city milk.” 

After testing nearly 300 samples of Chicago market milk Jor¬ 
dan and the writer found that the number of bacteria increases 
steadily as the seasonal temperature rises. During April the aver¬ 
age nmnber of bacteria in all samples was 9,361,000 per cubic cen¬ 
timeter, during May, which was relatively cool, 10,071,000, and 
during June, 18,924,000. 

Lewis and Wright investigated the bacterial content of cream 
and foimd that cream of 3.3 days’ age delivered in summer con¬ 
tained 462,000,000 bacteria per cubic centimeter, while in winter 
after five days the number of bacteria was 134,800,000 per cubic 
centimeter. 

These figures suffice to show the importance of keeping milk 
cool during transportation. Prompt cooling immediately after 



Fig. 162.—Milk-can jackets. Fig. 163.—Standard Fig. 164.—Milk¬ 

shipping jacket. can jacket. 

(A. H, Barber Creamery Supply Co.) 


production is not the only factor, but during subsequent trans¬ 
portation means must be provided for keeping the temperature 
bw up to the time of consumption. This involves proper carry¬ 
ing to the railroad station, suitable refrigerator cars, cooling facil¬ 
ities on the delivery wagons, and, last but not least, keeping cool 
in the home. 

During transportation to the railway station the cans can be 
kept cool by covering them with moist jackets (Figs. 162-164), 
the evaporating water reducing the temperature. At the station 
the platforms should be enclosed, which is, unfortunately, not 
common (Fig. 165). On ordinary railway platforms the milk 
cans are exposed to the heating influence of sun and air, and if the 
covers are not tight dust may gain access to the inside. An inex¬ 
pensive shed would obviate these troubles in large measure. 

For supplies of large communities some of the milk may have 
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to be shipped for a considerable distance by railway. Special 
refrigerator cars are provided by some railway companies for 
transportation of milk, and in these milk is preserved in good 
condition for many hours. Frequently, however, milk cars are 
not suitably constructed, and the bacterial content increases mark¬ 
edly during transportation. This is especially true in summer. 

James 0. Jordan, in reporting an investigation of the dis¬ 
tribution of ice for keeping milk cool, says that of 48 cases, 10 had 
no ice; 26 were inadequately iced; 3 had the ice improperly dis¬ 
tributed, and only 9 were good. The author states, furthermore, 
that health authorities do not or are not permitted to inspect rail¬ 
way milk cars, and that proper control is therefore lacking. 



Fig. 16S.—Milk-cans at the railway station. (Fraser, Bull. No. 92, Univ. of 
Ill. Agric. Exp. Sta.) 


The time schedule of milk trains leaves much to be desired, as 
it prolongs the period that milk has to travel and, consequently, 
there is the chance of increased bacterial growth. When milk is 
shipped in bottles they are usually packed in boxes and the boxes 
filled with chipi^d ice. The temperature is kept low for twenty- 
four to thirty-six hours by this means. Ordinances have been 
enacted that provide for the delivery of milk at low temperature, 
the highest permissible limit being usually 6Q° F. However, even 
at this temperature there is considerable germ growth, and the 
requirements should be lowered to 50° F. At this temperature 
growth is slow for a few days at least. Near the freezing-point 
there is usually an actual reduction of bacteria for a limited period 
which is long enough to keep the germ content low up to a reason¬ 
able time of consumption. But since some bacteria possess con¬ 
siderable tolerance toward low temperature, a decided increase 
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seems to take place after the lapse of a few days. This at least 
is the opinion of some investigators. The importance of prompt 
cooling immediately after milki^ is emphasized by this fact, so 
as to prevent initial multiplication. 

Conn and Esten observed that when milk was kept at 1° C. 
there was no increase of germ life for six to eight days; after that 
time there was decided growth, but no lactic acid bacteria seemed 
to multiply. The authors think, therefore, that when milk is 
kept at low temperature for some time it becomes unfit for food, 
especially for infant feeding, as the organisms multiplying at this 
temperature do not change the milk in such manner as to render 
the altered condition easily detectable. The milk, according to 
this reasoning, may become a menace. However, it has not 
been conclusively shown that the products of these bacteria are 
really injurious. 

Pennington found in milk kept at 29° to 32° F. that both acid¬ 
forming and proteolytic bacteria multiply. Ravenel, Hastings, 
and Hammer held milk at —9° C. and observed no increase in bac¬ 
teria that grow on agar and gelatin; they further found that the 
acidity decreased, while the amount of soluble nitrogen increased. 
In milk kept at 0° C!. there was a marked increase in bacterial 
content, also an increase in acidity and soluble nitrogen. The 
period of observation was 203 days. According to the work of 
these authors increase in soluble nitrogen is not necessarily due to 
multiplication of bacteria, but possibly to enzyms produced by 
them. 

Bischoff observed that in milk kept at 0° to 1.5° C. there was 
a decrease of bacteria for four to seven days, after which period 
there was an increase in number and in acidity. 

There seems to be sufficient agreement in the work of a num¬ 
ber of investigators to assume that at a temperature 0° C. or some¬ 
what higher there is an initial decrease of germ content, followed 
by a marked increase. It is probable that many bacteria cease 
multiplying at such low temperature and gradually die, similar 
to conditions observed in ice. But some types are tolerant, in a 
measure at least, toward low temperatures, and finding suitable 
food condition's in milk, multiply, at first slowly and later with 
greater rapidity. The study of the types that are able to mul¬ 
tiply in cold milic is still incomplete. 

In this connection Rullmann’s investigations are interesting. 
The following table gives the author’s results of bacterial enumera¬ 
tions in raw and pasteurized milk kept at 4.5° to 5.5° C.: 

NUMBER OF BACTERIA IN RAW AND PASTEURIZED MILK AT «“ TO 5.6* C. 


1 day. 2 days. 3 dara. 4 days. 5 days. 6 days. 7 days. 

Raw milk. 21.120 23,680 121.0^ 338.560 Infinite Infinite Infinite 

Pasteurised. 60 40 30 360 23.040 209,920 Infiiute 





332 


MILK 


At this temperature there was an increase of bacteria in raw 
milk from the first day, insignificant for two days, but more 
pronounced later. In pasteurized milk the decrease lasted for 
three days before an increase commenced. 

Investigations seem to show that prompt cooling and keeping 
the milk below 50° F. are of substantial help in keeping the germ 
content low. The nearer the freezing-point milk is kept, the more 
marked is the keeping quality. Freezing milk would jirobably 
enhance its keeping quality further, but the physical changes 
caused by'freezing render it inadvisable to resort to actual freezing. 

It is de.sirable that extensive investigations be carried on in 
regard to the kinds of bacteria that are able to multiply at low 
temperature In milk. Milk for infant feeding is frequently taken 
on lengthy trips and protected from decomposition by keeping 
it cold. It is important to learn whether the products of bacterial 
growth at low temperature may constitute a danger in milk. 
Taste, odor, and physical appearance do not seem to be visibly 
changed in milk kept at low temperature for a number of days. 
Milk with low germ content will probably keep in perfectly whole¬ 
some condition for a longer period at low temperature than milk 
with high germ content. This has been illustrated repeatedly 
when milk was shipped for great distances and kept sweet and 
low in bacterial content for weeks. 

What has been said about country receiving stations holds 
also for railway platforms at the point of delivery. Sufficient 
protection should be afforded to prevent warming of the milk and 
access of dust. 

Contamination in the Hands of Dealees and Constjmeks 

The delivery wagon must be provided with facilities for keep¬ 
ing the milk cool during its journey from the railway platform to 
the house of the consumer. This is not a difficult matter when 
milk is sold in bottles. When sold from cans it is not as simple. 
Selling milk from cans by dipping is a custom that should be con¬ 
demned, since it not only makes it difficult to keep milk cool, but 
exposes it to contamination from the air and from the milker. 

In stores conditions are as unfavorable for handling milk from 
cans as on a wagon. As a matter of fact, in stores milk is liable 
to become tainted from odors and contaminated from flies. Only 
bottled milk should be sold from stores. The bottles should be 
sealed in such fashion that tampering with them, or filling bottles 
“to order,” becomes impossible. The latter custom which still 
prevails to some extent exposes the milk to dangerous contamina¬ 
tion from the caps which are placed on the bottles by hand. 
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Milk should be taken into the house as soon as possible after 
delivery and placed immediately on ice. It should not be per- 
initted to stand on ta,bles or any place where its temperature may 
ri^. As mentioned in another connection, when left outside the 
milk IS exposed to the sun, the temperature of the air, and also to 
sampling by domestic animals. The expansion caused by heat or 
freezing may push the cap out of place, and the danger of ex¬ 
posure Incomes more imminent. The menace is increased in 
summer by the presence of flies and other insects. 

. In the house the bottles should always be covered. Practical 
inexpensive devices for removing the cap can be purchased, and 
the same devices serve as covers. Good covers protect not only 
against bacterial invasion but also against absorption of odors. 
The refrigerator, of course, must lie kept clean, and spoiled food 
should not be permitted to accumulate. 

Before opening a bottle of milk the neck and covering should 
be wiped with a clean cloth. After emptying, bottles should be 
washed first in cold or lukewarm water and then in soapsuds. 
This will largely prevent bacterial multiplication in empty bottles 
and render cleaning easier for the producer. 

Milk bottles should be kept out of sick rooms. The con¬ 
sumer can do much to encourage production of clean milk by visit¬ 
ing dairies. He can judge of the conditions prevailing at the dairy 
and will incidentally see some of the abuses that milk bottles are 
exposed to. In many dairies milk bottles have accumulated that 
have been used as containers for various foods, paints, varnishes, 
etc. Such abuse renders them practically useless for further 
delivery. 

It has been shown on the previous pages that micro-organisms 
may gain access to milk at different stages during its journey 
from cow to consumer. The original contamination from the 
udder is not great, but pollution from the cow and from utensils 
may be considerable. The amount of pollution depends primarily 
upon the quantity of dirt that falls into the milk. Subsequently, 
lack of cleanliness of utensils and machineiy may increase the 
germ content materially, and finally failure to cool milk promptly 
and to keep it cool encourages multiplication of the micro-organ¬ 
isms that originally gained access. 

As it seems impossible to keep all foreign matter out of milk, 
the attempt is made to reduce the amount to a minimum. This 
is accomplished in large measure by producers of certified milk, 
but considerable expense is involved in the process, and it can¬ 
not be applied under present conditions to the bulk of milk 
consumed. 

But clean milk can be produced without as great expense as is 
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demanded for production of certified milk, and even certified milk 
can be produced at lower cost than was thought possible a few 
years ago. Experience and experimental work carried on chiefly 
at Agricultural Experiment Stations has shown that an expensive 
equipment is not necessary to produce clean milk, but that the 
methods of production are of paramount importance. We have 
reported work that seems to show that stable air, expensive 
construction of stables, and costly machinery are of relatively small 
influence in reducing the germ content of milk. On the other 
hand, cleanliness of cows, the small-top milking pail, cleaning and 
steaming utensils, prompt cooling, and keeping the milk cool are 
important factors in producing milk with low germ content. 
Cement floors are to be preferred to wooden floors, iron-pipe 
stanchions to wooden stanchions, and painted walls to rough 
walls; but in some dairies milk is produced that is fully equal to 
certified milk as far as bacterial counts are concerned, in spite of 
inferiority of construction and equipment. Clean methods are 
more highly responsible for improved milk-supplies than expensive 
buildings and complicated machinery. These latter, further¬ 
more, increase the coat of production and bring the product beyond 
the reach of the poorer classes of the population. 

With introduction of the cream separator it was learned that 
insoluble substances were thrown out of milk by the centrifugal 
force. The bowl sediment contains cells, bacteria, casein, and in¬ 
soluble dirt. Dairymen resorted to the scheme of centrifugalizing 
the milk in order to remove foreign matter and then of reuniting 
the cream and the skimmed milk. Recently centrifugal clarifiers 
which do not separate the cream from the milk have come into 
use and are rapidly gaining favor. It is true that insoluble dirt 
is easily removed by these machines, but the soluble material 
remains and the count of bacteria increases on account of the 
clumps being broken up. It seems, however, according to Ham¬ 
mer's work that the increase of the colony count from milk after 
clarification is, on the average, not as great as after separation of 
cream and reuniting cream and skimmed milk, and Sherman 
states that the average number of bacteria in 24 tests of milk 
before clarification was 4720, while the same sample after clari¬ 
fication contained an average of 7120. 

Although the clarifier removes many bacteria, it is obvious 
that infected milk cannot be made harmless by the process, be¬ 
cause only a limited number of bacteria is removed, while the 
balance remain in the milk. Sherman has shown that strep¬ 
tococci are present practically in as great numbers in the clarified 
milk as in the milk before clarification. 

Filtration of milk through sand has been practised in some 
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countries, chiefly in Denmark, for the removal of insoluble dirt. 
Dirt particles are, of course, removed by filtration, but the bac¬ 
terial content is not decreased, if the colony count is taken as 
index. A filter which is capable of retaining bacteria would 
also retain fat globules, as these on tlie average are larger than 
bacteria. 

Aeration has been resorted to in order to eliminate disagreeable 
odors. The milk is brought in contact with the air by pouring it 
in thin layers from one can to another, or by using open coolers. 
Odors are largely removed by this process, but there is danger of 
additional contamination from the aii-, and clean milk does not 
need aeration. 

In some dairies the milk is strained several times before it is 
ready for shipment. It may be strained into the milking pail, 
then into a large can, and finally again before it passes to the 
cooler. This frequent straining tends to increase the colony 
count because the dirt that is retained on the strainer is broken 
up by succeeding amounts of milk poured on it, and finally in 
part passes through the strainer. The sti'ained milk, therefore, 
contains more single bacteria than the unstrained milk. In a 
series of experiments carried out by the writer with Luckhardt 
and Hicks it was found that the average of 80 samples contained 
2060 bacteria pc-r cubic centimeter before straining and 2790 after 
straining. Milk squeezed from the cotton strainer contained 
391^ bacteria per cubic centimeter. These figuies show that 
althotigh an appreciable number of bacteria were retained in the 
cotton, the colony count of the strained milk w!»s higher than that 
of the unstrained milk. These tests were carried on in a high- 
class dairy and the conclusion is obvious that in an ordinary dairy 
the difference would be greater. It follows that frequent strain¬ 
ing is not conducive to reduction of the germ content. 

These methods of making milk attractive have some advan¬ 
tages. The consumer does not see the dirt collect at the bottom 
of the bottle and the milk has a sweet taste and odor unless the 
pollution has been so heavy that soluble substances are present 
in excessively large quantity. 

The modern milk bottle is designed more with convenience in 
view than sanitation. The wide mouth of the bottle facilitates 
washing, but the shoulder on which the pulp cap rests may retain 
dirt that falls on the bottles during transportation. Bottles with 
small necks can be thoroughly cleaned with appropriate machines 
and would do away with some of the disadvantages of the wide 
mouth bottle now generally in use. It is true that a change from 
the present style of bottle to a narrow neck bottle would meet 
with some practical difficulties which, however, time will have to 
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demanded for production of certified milk, and even certified milk 
can be produced at lower cost than was thought possible a few 
years ago. Experience and experimental work carried on chiefly 
at Agricultural Experiment Stations has shown that an expensive 
equipment is not necessary to produce clean milk, but that the 
methods of production are of paramount importance. We have 
reported work that seems to show that stable air, expensive 
construction of stables, and costly machinery are of relatively small 
influence in reducing the germ content of milk. On the other 
hand, cleanliness of cows, the small-top milking pail, cleaning and 
steaming utensils, prompt cooling, and keeping the milk cool are 
important factors in producing milk with low germ content. 
Cement floors are to be preferred to wooden floors, iron-pipe 
stanchions to wooden stanchions, and painted walls to rough 
walls; but in some dairies milk is produced that is fully equal to 
certified milk as far as bacterial counts are concerned, in spite of 
inferiority of construction and equipment. Clean methods are 
more highly responsible for improved milk-supplies than expensive 
buildings and complicated machinery. These latter, further¬ 
more, increase the coat of production and bring the product beyond 
the reach of the poorer classes of the population. 

With introduction of the cream separator it was learned that 
insoluble substances were thrown out of milk by the centrifugal 
force. The bowl sediment contains cells, bacteria, casein, and in¬ 
soluble dirt. Dairymen resorted to the scheme of centrifugalizing 
the milk in order to remove foreign matter and then of reuniting 
the cream and the skimmed milk. Recently centrifugal clarifiers 
which do not separate the cream from the milk have come into 
use and are rapidly gaining favor. It is true that insoluble dirt 
is easily removed by these machines, but the soluble material 
remains and the count of bacteria increases on account of the 
clumps being broken up. It seems, however, according to Ham¬ 
mer's work that the increase of the colony count from milk after 
clarification is, on the average, not as great as after separation of 
cream and reuniting cream and skimmed milk, and Sherman 
states that the average number of bacteria in 24 tests of milk 
before clarification was 4720, while the same sample after clari¬ 
fication contained an average of 7120. 

Although the clarifier removes many bacteria, it is obvious 
that infected milk cannot be made harmless by the process, be¬ 
cause only a limited number of bacteria is removed, while the 
balance remain in the milk. Sherman has shown that strep¬ 
tococci are present practically in as great numbers in the clarified 
milk as in the milk before clarification. 

Filtration of milk through sand has been practised in some 
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introducing cleanliness, care, and circumspection in all branches 
of the dairy industry. With increasing care the chances of intro¬ 
ducing disease germs into milk diminish. Medical examination of 
employees for germ carriers and veterinary inspection of the cattle 
should be practised to a greater extent than is customary at present. 
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THE KINDS OF MICRO-ORGANISMS IN MILK 


In the previous chapter the important sources of bacteria 
commonly found in milk have been discussed. It is clear that 
most of these bacteria are saprophytes, and since the bacterial 
pollution of milk originates from external conditions surrounding 
the dairy it is not surprising that there are certain predominant 
types that are almost universally present in milk. As a rule, 
therefore, milk undergoes a fermentative process usually termed 
the “normal” souring of milk, and this process is similar in milks 
from widely different sources. However, in different localities and 
different dairies the kinds of bacteria are not necessarily the 
same, but since milk is an excellent culture-medium for many 
bacteria we find that after the lapse of some time distinct phases 
of fermentation are observable. These phases of fermentation 
are very similar in milks derived from various localities, although 
occasionally there are abnormal products so that the milk is 
changed in appearance, taste, and odor, and differs materially 
from the normal product. 

The fact that certain kinds of micro-organisms are found with 
astonishing persistence in milk has given rise to the term “milk 
bacteria,” a term still adhered to by some authors. However, it 
is generally conceded that milk is secreted by the mammary glands 
in a sterile condition and, therefore, the term “milk bacteria” is 
misleading and should lie abandoned. 

Considerable meritorious work has been carried on in regard 
’to the kinds of bacteria that occur in milk. Conn, Esten, and 
Stocking have studied about 160 types, and have carefully de¬ 
scribed and grouped them. This number includes bacteria iso¬ 
lated by the authors from milk in Connecticut. In addition to 
these forms, cultures were studied that came from different parts 
of this country and also some from European sources. Besides, 
descriptions when sufficiently complete were taken from the 
literature and incorporated in the list. The authors think, 
therefore, that “while by no means complete, the cultures repre¬ 
sent fairly the dairy forms in the parts of the civilized world where 
bacteria are studied.” 

It should be borne in mind in this connection that the term 
“species” is wholly unsuitable in speaking of bacteria. It is recog¬ 
nized that among high forms of life variations occur, -and this is 
true in even larger measure in regard to bacteria. More promis- 
340 
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ing is the tendency among bacteriologists today to arrange bac¬ 
teria in groups, since they are extremely sensitive to environ¬ 
mental conditions and respond promptly by varying in one or 
more of their properties. Owing to their great range in varia¬ 
bility, we find the same organism described under different names 
in some instances. For example. Bacillus aerogenes has been 
recognized to be identical with Bacillus acidi lactici. Several 
names have been given to Streptococcus lacticus, as Bacterium 
lactis acidi, B. giintheri. Streptococcus hollandicus, etc. The 
same principle applies to that group of bacilli now frequently 
called the Bacillus bulgaricus group. The Bacillus bulgaricus of 
the Bulgarians is known to be a member of a group of organisms 
which have the most important properties in common, and differ 
only in minor points which probably have developed under special 
environmental conditions. To this group belong the Bacillus 
lebenis, the bacillus of Boas-Oppler, and others. It is not sur¬ 
prising, therefore, that bacteriologists are inclined to reduce the 
numlier of “species” rather than to increase it by giving new names 
to organisms that do not differ materially from well-known types. 

Classification of bacteria in groups is gaining in favor, al¬ 
though it must be confessed that it is sometimes difficult to find 
suitable fundamental properties for this purpose. Morphology, 
motility, bioeheniic properties, carbohydrate fermentation, hemol¬ 
ysis, and other characteristics have been studied, and authors 
frequently find that none of these properties are entirely per¬ 
manent, but vary sometimes with ease and sometimes with con¬ 
siderable difficulty. 

The foregoing discussion applies to the bacteria found in milk 
with as much force as to bacteria found elsewhere. A sys¬ 
tematic arrangement of bacteria found in milk cannot be con-, 
sidered as governing conditions in all cases, but, aside from occa¬ 
sional predominance of some rare type, we find that certain bac¬ 
teria differ somewhat in their activity and in the quality of their 
product. For example, butter made in some localities has a bet¬ 
ter aroma than butter made in other regions. Still, if the bac¬ 
terial flora from milks from two such localities were studied the 
result would show the presence of similar types in both milks. 
The aroma of butter is largely due to products of streptococci, and 
it is a recognized fact that one type of Streptococcus lacticus 
will produce a superior aroma in butter, while another type— 
bacteriologically indistinguishable from the first type—will not 
produce the same aroma. 

Grouping bacteria in milk can manifestly be only tentative, 
and any attempt at classification must be incomplete and sub¬ 
ject to future revision. However, there are some groups that 
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can be iound in most milks, and these groups must form the sub¬ 
ject of our study. 

According to their ability to grow best at different temperatures 
bacteria in milk are sometimes classified as follows: 1 , Ciyhflora, 
those multiplying at 5° to 20° C.; 2, Mesoflora, those multiplying 
at 20° to 37° C.; 3, Thermoflora, those growing above 37° C. 
This classification is, in reality, of little value, because the limits 
of temperature at which bacteria grow overlap considerably, and 
different strains of the same type may have different optimum 
temperatures. The majority of bacteria in milk belong to the 
mesoflora, although the other two groups have not yet been 
sufficiently studieil. lispecially is this true of the cryoflora. 
These may constitute a very important group, since possibly the 
bacterial flora of ice-cream telongs to this group. Furthermore, 
it is claimed by some authors that milk kept near the freezing- 
point will soon teem with bacteria that are able to grow at this 
temperature, and that these are not desirable. In view of the 
importance of keeping milk cold for preservation, the cryoflora 
should receive attention. The above-mentioned Bacillus bul- 
garicus group contains some members that multiply at tempera¬ 
tures considerably above 37° C. The function of this group of 
bacteria has not been well understood. They are active in the 
formation of some fermented milks and probably in the ripening of 
some cheeses. 

Aside from the large number of saprophytic types that com¬ 
monly occur in milk, pathogenic organisms may be present under 
unusual conditions. Epidemics due to milk-supplies have been 
noted, although it must be admitted that disease is actually dis¬ 
seminated through milk in surprisingly small proportion when we 
consider the enormous amount of milk and milk products that are 
consumed. Disease germs gain access to milk chiefly from two 
sources, namely: 1, from the cow, as, for example, bovine tuber¬ 
culosis, foot-and-mouth disease, and others; and 2, from the 
milkers and others concerned in the handling of milk. Among 
infections of the second group are typhoid fever, diphtheria, 
scarlet fever, sore throat, and others. The important subject of 
transmission of disease through milk will be dealt with in a 
separate chapter. 

For the present we are concerned with the saprophytic organ¬ 
isms in milk, and these will be discussed for convenience under 
the following grouping; 

1. Lactic acid bacteria. 

2. Spore-bearing bacteria. 

3. Bacteria causing abnormal conditions in milk. 

4. Molds, yeasts, and torulse. 
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To these groups soil bacteria might be added. That soil 
bacteria may be present in milk and, in fact, probably are always 
present, can hardly be questioned. They may be carried into the 
stable with soil adhering to the cows after pasturing or wading 
in water. However, they have so far received but little attention 
at the hands of investigators,’ and probably are of small impor¬ 
tance as inhabitants of milk. It should, furthermore, be remem¬ 
bered that soil bacteria probabty do not multiply in milk, and 
would be numerically negligible after the milk has l)een standing 
for some time. 

Ayers and Johnson have grouped saprophytic bacteria in milk 
as follows: 

1. Acid-coagulating—those bacteria that produce enough acid 
to coagulate the casein promptly. 

2. Acid-non-coagulating—those that produce acid, but do not 
coagulate the milk. 

3. Inert bacteria—those that produce no visible change in 
Utmus milk in two weeks. 

4. Alkali-forming bacteria— those that produce an alkaline re¬ 
action in milk. 

5. Peptonizing bacteria—those that liquefy the proteins of 
milk. 

This grouping was not designed to cover all types found, but 
was the result of the authors’ comparative study of the bacterial 
flora in raw and pasteurized milk. Bacteria not forming colonies 
on agar under aerobic conditions, molds, and yeasts were pur¬ 
posely omitted from this classification. 

Lactic Acid Bacteria 

There are different conceptions of the meaning of the term 
“lactic acid bacteria,” inasmuch as some investigators include all 
bacteria which are able to produce lactic acid from milk-sugar, 
while others include only those which are responsible for the so- 
called “normal” souring of milk, and some less common acid 
fermentations. Still another group of investigators confine the 
term “lactic acid bacteria” strictly to those kinds which are usu¬ 
ally active in producing the “normal” souring of miUc. 

There is really not much justification in grouping all bacteria 
that produce lactic acid from milk-sugar as “lactic acid bac¬ 
teria.” 'This term has become so closely associated with the 
souring of milk that we cannot logically include all organisms that 
produce lactic acid from milk-sugar. Furthermore, the “normal” 
souring of milk is not due to the formation of lactic acid alone. 
Other acids are formed by certain bacteria that are almost invari¬ 
ably associated with the “normal” souring of milk. 
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Kruse and, somewhat later independently, the writer propo^ 
a elaseiScation in two groups, namely; 1, those bacteria belonging 
to the Bacillus coli group, and 2, those belonging to the Strepto¬ 
coccus lacticus group. These two groups are always present in 
raw milk, and also most generally in milk pasteurized by the 
holding process at relatively low temperature. In this grouping 
cognizance is taken only of acid-producing bacteria that actually 
cause the “normal” souring. 

Jensen has classified lactic acid bacteria into three groups as 
follows: 

1. Those that grow at 25° to 50° C. To this group belong the 
long bacilli, which form usually levorotatory lactic acid, although 
some produce racemic acid. 

2. Those that grow at a wide range of temperature, namely, 
from 5°-7° C. to 45°-50° C. These are all streptococci. 

3. The genuine lactic acid bacteria that grow well at 10° to 
40° C. This group does not include the coli-aerogenes group. 

Rogers and Davis, in a bulletin entitled “Methods of Classi¬ 
fying the Lactic Acid Bacteria,” say: “The bacteria taking part 
in the souring of milk may be readily divided into four general 
groups. 

Group 1 includes those bacteria which sour milk without 
peptonization or gas formation; they grow poorly on artificial 
media and fail to liquefy gelatin. Morphologically, they show 
some variation, usually appearing as a coccus or veiy short bacil¬ 
lus in pairs or in chains of varying lengths. The bacteria of this 
group are the ones ordinarily designated as the lactic-acid bac¬ 
teria and have been described under various names. They have 
a very general distribution, and their presence in milk is so con¬ 
stant that they may be considered as normal inhabitants of this 
medium. 

“Group 2 includes the bacteria forming an acid curd with 
evolution of gas. This embraces varieties of Bacillus coli and 
Bacterium aerogenes or the Bacillus acidi lactici of Hiippe. 
The members of this group are readily distinguished from those 
of Group 1 by their abundant growth on artificial media, the 
vigorous evolution of gas, and the marked difference in their 
morphology. An examination of milk usually reveals their pres¬ 
ence in small numbers, but their niunber is increased by the influ¬ 
ence of high temperatures or unsanitary conditions under which 
the milk has been collected or held. 

“Group 3 includes those bacteria forming an acid curd which 
IS subsequently partially peptonized. The bacteria of this group 
have been little studied in their relation to milk. It will be 
shown that this description applies to varieties only distantly 
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related to our Group 1, as well as to some closely connected with 
this type. 

“Group 4 includes the high acid-forming bacteria, of which 
the Bacillus bulgaricus is the type. This organism is distinguish¬ 
able from those of the preceding groups by its slender rod-like 
form, its characteristic colonies on agar, its inability to grow in 
ordinary artificial media, and its growth in the presence of free 
acid. Bacillus bulgaricus has been studied in its relation to the 
fermented milks extensively used in Turkey and the neighboring 
countries. It has recently been shown that it is very widely dis¬ 
tributed and may be isolated from almost any sample of mixed 
milk. Its growth at normal temperatures is so slow that it is 
improbable that it is a factor in the ordinary souring of milk.” 

The authors state that these groups are connected only by 
their ability to ferment lactose to acid, and the consequent pre¬ 
cipitation of the casein. They attempt a scientific classification 
of lactic acid bacteria by grouping them according to their ability 
to ferment raffinose and glycerin and by the liquefaction of gelatin. 

A more elaborate and comprehensive classification of lactic 
acid bacteria has been propos^ by Lohnis. This author dis¬ 
tinguishes four groups of lactic acid bacteria, namely: 

1. Bacterium pneumoni® (Friedlander): The members of this 
group are plump rods. Gram-negative, gas formers; they grow 
luxuriantly on laboratory media and do not liquefy gelatin. 
Representatives are Bacillus acidi lactici (Huppe) and other mem¬ 
bers of the coli-aerogenes group. 

2. Streptococcus pyogenes (Rosenbach): This group is com¬ 
posed of oval, spheric, lancet-shaped, or flat cocci, inclined to 
chain formation and anaerobiosis; they are Gram-positive; grow 
scantily on laboratory media, better when carbohydrates are 
present. Representatives of this group are Streptococcus lacticus, 
the streptococci from kefir, and other fermented milks. Bacillus 
acidi lactici 1 and 2 of Conn and Esten, Streptococcus acidi 
paralactici non-liquefaciens Halensis of Hashimoto, some strep¬ 
tococci isolated from cheese, Bacterium lactis acidi of Leichmann, 
and many other bacteria with the morphology and properties of 
streptococcus. 

3. Bacterium caucasicum (Kern): The members of this group 
are long, more or less slender rods, inclined to filament formation 
and anaerobiosis; they are Gram-positive in young cultures. 
Gram-negative in old cultures; and some produce large amounts 

■ of acid in milk. Some produce gas, but these are exceptions. 
They grow poorly on laboratory media; generally coagulate milk, 
although some do not; some have an extraordinarily high opti¬ 
mum temperature. Representatives of this group are: Bacillus 
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bulgaricus, B. c^ucasicum, and B. casei of Freudenreich, B. del- 
brticJd of Leichmann, and others. 

4. Micrococcus pyogenes (Rosenbach): The members of this 
group are staphylococci; they are Gram-positive, aerobic, liquefy 
gelatin; some coagulate milk, some do not; some have a tendency 
to slime formation. Representatives of this group are: Micro¬ 
coccus lactis acidi of Marpmann, M. acidi paralactici liquefaciens, 
Halensis of Kozai, M. varians lactis of Conn, the acid-coagulating 
micrococci of Gorini, and others. 

The third group of Lohnis’ classification is in no manner con¬ 
cerned in the “normal” souring of milk, but includes bacteria 
that are chief agents in producing a variety of fermented milk 
products, such as are prepared in different parts of the world and 
form important articles of food among a variety of peoples. 

The fourth group, in all probability, is also not concerned in 
the “normal” souring of milk. However, they may not be entirely 
indifferent in this fermentative process, since the liquefying micro¬ 
cocci break up the proteins of milk and render them more suit¬ 
able for absorption by the Streptococcus lacticus group. Inci¬ 
dentally, members of this group produce some acid from lactose, 
and may, therefore, contribute to a limited extent to the “normal” 
souring of milk. 

On the whole, we must consider the first two groups of lactic 
acid bacteria of Lohnis’ classification as the common agents in 
the fermentative process, usually called the “normal” souring of 
milk. They are, therefore, the most important “lactic acid” 
bacteria. 

Pasteur in 1858 was the first to describe an organism which 
would simulate the souring process normally occurring in milk 
under ordinary conditions. His “levure lactique,” according to 
his description, is a variety of Bacillus aerogenes. He observed 
“small globules or very short particles resembling certain kinds 
of amorphous precipitates. They are constricted in the middle, 
occur isolated or in irregular clusters. They ferment lactose with 
acid and gas formation, and cultures are often viscid.” In a 
later publication Pasteur described the lactic acid bacteria as 
short bacilli, sometimes joined in short chains, thus giving addi¬ 
tional evidence of their identity with Bacillus aerogenes. Lister’s 
Bacterium lactis (1788) is now usually identified with Strepto¬ 
coccus lacticus, although the description is too meager to permit 
proper classification. An exhaustive study of a lactic acid bac¬ 
terium was published by Hiippe in 1884. He found it in large 
numbers in all samples of milk examined, and it was considered 
the lactic acid organism par excellence for some time. There is 
little doubt that this Bacillus acidi lactici is a variety of B. aerog- 
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enes. From this time on many varieties of lactic acid bacteria 
have been described, but inasmuch as bacteriologic technic was 
not sufficiently develojied, it is sometimes difficult to realize to 
which group of organisms the lactic acid bacteria reported by some 
authors belong. Those described by Clauss, Grotenfelt, Schard- 
inger, Kozai, and Utz probably are identical with Huppe’s Bacil¬ 
lus acidi lactici or B. aerogenes. In this country Conn also found 
an organism that he identified as Huppe’s Bacillus acidi lactici, 
but stated that it was present only exceptionally in sour milk. 
They all grow luxuriantly on laboratory media; dextrose and 
lactose are fermented, with the formation of acid and gas; milk 
is coagulated more or less rapidly and the curd contracts with 
the liberation of whey. The colonies on agar or gelatin are large, 
moist, and frequently viscid. These organisms are found chiefly 
in surface layers of milk. 

Lactic acid bacteria have also l^een described by Ijeichmann, 
Gunther and Thierfelder, Kozai, lltz, Esten, Schierteck, and 
others. These were not distinctly separated from the type de¬ 
scribed by Htippe, although Loichmann insisted that his organ¬ 
ism was not the same. Later he l>ecanie convinced that he had 
discovered an organism wholly different from Huppe’s bacillus, 
and gave it the appellation Bacterium lactis acidi. While Huppe’s 
organism was the bacillus of lactic acid, Leichmann’s was the bac¬ 
terium of sour milk. The appellations are so similar that much 
confusion has resulted, and even in modern publications the two 
organisms are sometimes hopele.ssly confused. Gunther and 
Thierfelder went so far as to clearly identify their organism with 
Huppe’s, although .some properties, according to their own de¬ 
scription, were so entirely different that the identification was 
wholly unjustified. 

Some sort of system was brought out of the confusion by Kruse 
in 19C3. This author studied the literature and, without experi¬ 
mental evidence, separated the lactic acid bacteria previously de¬ 
scribed into two groups, namely, the Bacillus aerogenes group 
with Htippe’s B. acidi lactici as chief representative, and the Strep¬ 
tococcus lacticus group, with Bacterium lactis acidi of Leichmann 
as the chief representative organism. Kruse proposed to sub¬ 
stitute the name Streptococcus lacticus for this group in order to 
avoid confusion with the previous one, and because he thought 
that earlier descriptions warranted the assumption that Bac¬ 
terium lactis acidi was really a streptococcus and not a bacillus. 
Experimental evidence for the correctness of Kruse’s view was 
brought by his pupil Holling and the writer. 

It was shown that the lactic acid bacteria of the Bacillus 
acidi lactici (Huppe) type when inoculated into sterile milk pro- 
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duced a coagulum that was granular and broken up by gas- 
bubbles. When sterile milk was inoculated with a mixture of B. 
aerogenes and Streptococcus lacticus, less gas was produced, and 
the gas evolution ceased after a short period. Sterile milk inocu¬ 
lated with Str. lacticus alone was coagulated promptly, and in 



Fig. 16(5, a .—Streptococcus pyogenes Fig. 166, b .—Streptococcus pyogenes 
from serum broth. from litmus milk. 



Tig. 166, c.—Streptococcus lacticus Fig. 166, d .—Streptococcus lacticus 
from serum broth. (Strain I.) from serum broth. (Strain II.) 


this case the coagulum was smooth and without evidence of gas 
evolution. Hiippe’s organism is most frequent in surface por¬ 
tions of milk, while Leiehmann’s is more common in deep por¬ 
tions, owing to the inclination of the streptococcus to anaerobic 
conditions. Both types are practically always present in market 
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milk, and the souring is produced by the activity of both. Hiippe’s 
Bacillus acidi lactici, therefore, is, in reality, B. aerogenes, and 
Leichmann’s Bacterium lactis acidi is Streptococcus lacticus. 

Streptococcus lacticus is now almost universally recognized as 
the lactic acid bacterium par excellence. We have learned that 


Fig. 166, c .—Streptococcus lacticus Fig. 166, /.—Streptococcus lacticus 
from lacto.sc broth. (Strain I.) from lactose broth. (Strain II.) 


Fig. 166, g .—Streptococcus lacticus Fig. 166, h .—Streptococcus lacticus 
from litmus milk. (Strain I.) from litmus milk. (Strain 11.) 

Fig. 166, a-h .—Microphotographs of Str^tococcus pyogenes and Streptococ¬ 
cus lacticus, showing the tendency to diplococcus formation in litmus milk. 

the bacteria of milk are invaders and not indigenous, and it is 
therefore reasonable to assume that lactic acid bacteria are also 
derived from outside sources. They can be identified easily with 
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well-known types that are widely distributed in nature and 
especially in the dairy. 

The influence of Streptococcus lacticus on milk is desirable 
from the butter and cheese makers’ viewpoints. While pre¬ 
dominance of Bacillus aerogenes produces off flavors in dairy 
products, most strains of Streptococcus lacticus produce desirable 
flavors. Butter starters, as a rule, are pure cultures of Str. lacticus. 

The distribution of the two groups of lactic acid organisms in 
nature has been investigated to some extent. Barthel found 
Streptococcus lacticus widely distributed on meadows, plants, 
and cultivated lands, but scarce and in enfeebled condition on 
wooded land. In the dairy he found it in cow manure, in the 
dust of the air, in water, very commonly on the coat of the ani-' 
mal, on hay, straw, in oil cake, bran, malt, and even on flies. 
The 'occurrence of Streptococcus lacticus 'in cow manure explains 
its constant presence in milk. In fact, the writer was able to 
produce souring of milk which closely resembled the “normal” 
souring by inoculating sterile milk with small quantities of cow 
manure. 

Rolling isolated streptococci from the feces of infants, horses, 
and other domestic animals, and was able to show that sterile 
milk coagulated typically when inoculated with these organisms. 

Bacillus coli has been found by Prescott practically as widely 
distributed as Streptococcus lacticus. He found it on grains, 
plants, and cereals, so that its common occurrence in nature has 
been demonstrated. Whether Bacillus aerogenes shares in this 
wide distribution is not known. It has been reported that Bacil¬ 
lus aerogenes is more common in cow manure that B. coli, but 
Rogers states that “the B. coli type is found abundantly in bovine 
feces, while the B. aerogenes type is very rare.” Further investi¬ 
gation of this subject is desirable. However, there is no question 
about the occurrence of both Bacillus coli and B. aerogenes in 
cow manure, and, consequently, they are almost universally pres¬ 
ent in milk. 

Rogers found that “through its greater resistance to the 
unfavorable conditions found in water the Bacillus aerogenes type 
is able to survive longer than B. coli.” It is conceivable that a 
similar state of affairs obtains in milk, inasmuch as milk may offer 
more favorable food conditions for Bacillus aerogenes than for 
B. coli, with the ultimate result that the former type prevails. 
However, this is hypothetic, and the term “Bacillus coli group” 
is intended to include both types. 

In the “normal” souring of milk both groups, the Bacillus 
cdi and the streptococcus groups, are active agents. It may be 
assumed that immediately after milking these two groups are 
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represented and start growth on equal terms. In exceptionally 
clean milk they are sometimes very scarce, so that it may require 
considerable quantities of milk to demonstrate their presence. 
However, even the cleanest market milk will, as a rule, turn sour 
on standing and, therefore, the pre.sence of the two groups is 
evidenced. Media containing dextrose favor the growth of Bacil¬ 
lus coli and streptococci, whose detection is, therefore, facilitated 
by the use of carbohydrate media. 

When milk sours the Bacillus coli group multiplies and forms 
acids from the milk-sugar. When about 0.4 to 0.5 per cent, 
acid has been formed the coli-aerogenes group begins to drop out 
of competition, while the streptococcus group continues to flourish 
until about 1 per cent, acid has been produced. At this stage 
the limit of the “normal” souring process has been practically 
reached. After this there is a gradual return to neutral and then 
alkaline reaction in the milk (compare page 266). 

Temperature is of considerable influence in bringing about 
the souring process, and according to the temperature the result 
varies, as has been previously explained. At temperatures above 
30° C. the Bacillus coli group is favored, and the curd is not of 
the same desirable character as the curd that is produced at 
lower temperature, when the streptococcus group overgrows the 
Bacillus coli group more readily. 

Bacillus aerogenes belongs to Group 1 of Lohnis’ classification, 
and has the following general characteristics: It is Gram-negative 
and frequently capsulated; it grows well on ordinary media and 
coagulates milk promptly; it does not liquefy gelatin and does 
not dissolve the casein in milk; it produces gas from dextrose, 
lactose and saccharose, and some other carbohydrates; acid is 
also produced from carbohydrates; the acid is composed of lactic 
acid and volatile acids: the bacilli are arranged in irregular groups 
and colonies are fairly large; they grow preferably under aSrobic 
conditions, which fact accounts for their presence chiefly in sur¬ 
face layers of milk. 

Streptococcus lacticus belongs to the second group of Lohnis' 
classification and has the following characteristics: It is an oval, 
round, or flat coccus, inclined to anaerobiosis and chain formation; 
the chains are usually short, the diplococcus form being most 
prevalent, although in old milk cultures longer chains frequently 
occur; it grows scantily on ordinary media, better on media con¬ 
taining carbohydrates; on agar slants the surface growth is thin, 
veil-like, or composed of drops; it is Gram-positive, coagulates 
milk promptly, the coagulum being smooth and compact, with 
separation of little or no whey; it does not liquefy gelatin or dis¬ 
solve casein, as a rule, although rare forms have been reported 
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that do liquefy gelatin and digest casein; it forms no gas from 
carbohydrates, although rare forms also have been reported that 
form gas; the colonies are small. The tendency to anaerobiosis 
accounts for the fact that Streptococcus lacticus is most abundant 
in deep portions of the milk. 

The bacteria of the coli-aerogenes group attack both carbo¬ 
hydrates and protein, but as long as carbohydrate is available 
proteins are protected, so that relatively small amounts are broken 
down. Deep cleavage products from protein may appear, al¬ 
though usually in small quantity. The lactose in milk is first 
inverted to dextrose and galactose, and then lactic, acetic, formic, 
propionic, succinic, and sometimes small amounts of valeric acids 
are formed. Some strains produce relatively large amounts of' 
lactic acid, others less lactic and more acetic acid. The gases 
formed are chiefly carbon dioxid, hydrogen, and traces of marsh- 
gas. The members of this group not infrequently produce a 
peculiar taste and odor in milk. At first the taste is aromatic 
and not unpleasant, but later it becomes sharp, and finally re¬ 
minds one of stable odor. 

The streptococcus group attacks chiefly carbohydrates, while 
proteins are decomposed to a very small degree. It is probable 
that proteins are not utilized for food to a considerable extent by 
streptococci before they have been partially broken down by 
other bacteria, such as the liquefying micrococci, members of 
the hay bacillus group, and other peptonizing bacteria. Jensen 
has shown that streptococci attack chiefly peptones or caseones, 
the latter being even more suitable than the, former. From the 
lactose in milk they produce nearly pure lactic acid, although the 
amount produced by different strains varies within rather wide 
limits. The lowest amount is about 0.3 per cent., while the 
largest is about 1.3 per cent. Those strains that produce the 
smaller amounts of acid do not coagulate milk, but the strains 
which usually coagulate milk in typical fashion produce up to 
0.9 per cent. 

The quantity of acid produced by lactic acid bacteria depends 
upon several factors. Since Streptococcus lacticus forms more 
acid than Bacillus aerogenes, predominance of the former will 
result in a higher percentage of acid. As stated before, conditions 
in perfectly fresh milk are not as suitable for grO'wth of Strepto¬ 
coccus lacticus as during later stages when some of the protein 
has been broken down and rendered more easily assimilable. 
Marshall has shown by his work on Bacterial Associations in the 
Souring of Milk that saprophytic bacteria may or may not favor 
growth of lactic acid bacteria. Marshall states, “the means by 
which acceleration of lactic acid fermentation is produced is not 
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the same in all cases. It appears to be due to products manu¬ 
factured by the associate micro-organisms, sometimes stable to 
heat, sometimes unstable; sometimes under alkaline conditions, 
sometimes under acid conditions; sometimes with apparent diges¬ 
tion, sometimes with no apparent digestion. The period at the 
beginning of lactic fermentation during which no lactic acid forma¬ 
tion can be determined, and during which the number of bacteria 
is continually increasing, may be greatly shortened by vigorous 
associate bacteria influencing the lactic micro-organisms. Usually 
the associate micro-organisms disappear, with the formation of 
appreciable amounts of lactic acid; yet the associate micro-organ¬ 
isms may continue to persist, causing abnormal lactic fermenta¬ 
tion.” The work of Marshall shows clearly that the amount of 
acid formed during lactic fermentation depends to some degree 
upon the presence of associate bacteria which furnish food for 
more or less rapid multiplication of the lactic acid bacteria and, 
since there is no regularity about the number or kind of associate 
organisms, the souring process must be subject to variations. 
Koestler also found that the presence of bacteria of the hay 
bacillus group favors acid formation by using up the oxygen 
and partially breaking up the proteins, rendering them more avail¬ 
able for nutrition of lactic acid bacteria. 

It is obvious that the relative number of lactic acid bacteria 
of one group as related to the number present of another group 
may influence the result. When the coli-aerogenes group is well 
represented their products will be produced in larger measure 
than when present in small numbers. The temperature at which 
the souring process occurs also influences the result. High tem¬ 
peratures— i. e., above 30° C.—favors growth of the coli-aerogenes 
group, while streptococci multiply as readily at lower tempera¬ 
tures. At lower temperature, therefore, lactic acid will lie pro¬ 
duced in larger quantity than at higher temperature, and gas 
will be produced more readily at the higher temperature. 

Since the conditions that govern the production of acid, in 
milk vary to a marked degree, we cannot expect to find a definite 
relation between the number of lactic acid bacteria in milk and 
the amount of acid formed, or the time required to produce com¬ 
plete coagulation. Variety of types, temperature, and, as Mar¬ 
shall has shown, the presence of other bacteria influence the 
result. The number of lactic acid bacteria increases to a given 
point, then decreases. At high temperature the maximum is 
reached in a shorter time than at lower temperature. After the 
maximum number has been reached the bacteria decrease rapidly, 
but acid formation continues for some time. This phenomenon 
is due to the liberation of lactic-acid-forming enzyms from the 
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broken-down cells. Sometimes the lactic acid bacteria increase 
in numljer, then the number decreases, only to increase again to 
a second maximum, which may be greater or smaller than the 
first maximum. Such fluctuations have been referred to in an¬ 
other connection (see page 266). Under the action of different 
types of bacteria the available food-supply is constantly changing. 

The relation of numbers of bacteria to the amount of acid 
formed is illustrated in the chart (Fig. 167). 

The chart shows that in sterile milk inoculated with large 
numbers of Streptococcus lacticus coagulation is slower and acid 
formation smaller than in raw milk, other conditions being equal. 

It is furthermore clear from this chart that coagulation is not 
directly dependent upon the presence of a certain amount of acid 
or upon the number of lactic acid bacteria. This absence of a 
definite relation tetween coagulation, on the one hand, and acid 
and numlier of bacteria, on the other hand, may lie due to the 
kinds of associate bacteria present, the kind of acid formed, and 
the activity of enzyms produced by bacteria. 

The quantity of peptone present in the culture-medium h.as a 
pronounced influence on the amount of acid formed by lactic acid 
bacteria, Stated before, Jensen has shown that the lactic 
acid bacteria of the Streptococcus lacticus type attack peptones 
and caseones with greater ease than complex proteins. Koestler 
obtained similar results, and determined that the amount of acid 
increased as the percentage of peptone was increased. This 
author claims that part of the acid is produced from the peptone 
and not solely from the carbohydrate. Rahn, on the other hand, 
thinks that the peptone simply favors greater growth of the bac¬ 
teria, so that more acid is produced. He determined the exact 
amount of acid produced by a single cell of Streptococcus lacticus, 
and found a larger amount of acid to be formed when the quantity 
of peptone was increased, but that each cell produced the same 
amount no matter what the peptone content was. 

Koestler studied the influence of oxygen pressure on the 
amount of acid formed by Streptococcus lacticus, and found that 
in deep layers of the medium, when air had but a small relative 
surface contact, the amount of acid formed was greater than in 
shallow layers. 

An interesting study of the acid formation and the effects 
resulting from the acid formation in milk under the influence of 
Bacillus acidi lactici (B. aerogenes) and Bacterium lactis acidi 
(Streptococcus lacticus) was published by Van Slyke and Bos- 
worth. Milk was inoculated with both these organisms and al¬ 
lowed to ferment for sixty hours, and longer. The authors found 
that 22 per cent, of the milk-sugar had b^n decomposed and that 
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88.5 per cent, of the lost sugar had Iwen converted into lactic 
acid. Incidentally they confirmed the findings of Bosworth and 
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Prucha that citric acid had disappeared and had been converted 

into aeetje add and carbon dioxid. 

The acid thus formed rendered some insoluble inorganic con¬ 
stituents soluble. In fresh milk the insoluble calcium is in com¬ 
bination with phosphoric acid as CaHP 04 and with casein as Ca^ 
caseinate. When lactic acid was produced by bacterial activity 
the dicalcium phosphate was converted into monophosphate 
(CaHjPjOg), and the calcium caseinate changed first into a casein¬ 
ate containing less calcium, and finally the calcium was com¬ 
pletely eliminated from its combination with castdn and the 
latter precipitated. 

The albumin of milk is also profoundly affected according to 
Van Slyke and Bosworth. The authors found that more albu¬ 
min passes through a porous filter from sour milk than from sweet 
milk. The authors think that this phenomenon is due to the for¬ 
mation of lactic acid which decreases the absorption of albumin 
by casein, or that it may l)e due to a combination of a base with 
the albumin and a gradual separation of the base and protein in 
much the same manner as happens with casein. 

The authors furthermore determined the rate of acid forma¬ 
tion, and found that during the first period the acid increased 
slowly, while much acid was formed from the tenth to the twenty- 
fifth hour. After 0.7 per cent, lactic acid was present, bacterial 
activity was much reduced. Between the forty-eighth and ninety- 
sixth hours the sugar was changed but slightly. There was, 
therefore, a rapid increase of acidity during the first twenty-four 
hours, followed by a much smaller increase. In fresh milk no 
lactic acid was found, and the acidity of fresh milk must, there¬ 
fore, be due to acid phosphates. The acidity of the mUk serum 
also increased but little after the lapse of twenty-four hours. 

The following table is given by Van Slyke and Bosworth, and 
shows the results of their work in detail; 

FORMAXrON OF LACTIC ACID IN THE SOURING OF MILK 


Age of milk when 
flunpled. 

Hugar 

Amount of 
unchanged 
BUgM* in 100 
C.C. of milk. 

Lactic acid. 

Milk-sugar 

changed. 

Fermented 

sugar 

change mto 
lactic add. 

Hours. 

Grains. 

Grams. 

Grams. 

Per oent. 

Per Mot. 

Fresh. . . 

5 30 

0 00 

0 000 

0 0 

0 

10. 

5 07 

0 23 

0 200 

4 3 

87 

12. 

4 83 

0 47 

0 330 

8 9 

70 

11. 

4 68 

0 62 

0 513 

11 7 

82 

19. 

4 58 

0 72 

0 671 

13 6 

63 

25. 

4 42 

0 88 

0 665 

16 6 

75 5 

4S. 

4 30 

1 00 

1 053 

18 9 

0 

96 . 

4 26 

1 04 

1 124 

20.0 

0 


The figures in this table indicate very clearly that the most 
r^pid acid formation occurs during the interval from the tenth to 
the twenty-fifth hour. At this time 0.665 per cent, lactic acid 
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has been produced, and the further accumulation of acid pro¬ 
ceeds rather slowly and is probably due to enzym action, while 
the growth of bacteria has largely ceased. After forty-eight 
hours the increase of acid is very slight. 

As pointed out before, during the so-called incubation period 
of milk there is very little acid formation. It has been suggested 
that the acid that is actually formed during this period is largely 
neutralized by some of the calcium held by the casein so that no 
free acid appears. After the tenth hour the balance of the cal¬ 
cium held by the casein is rapidly absorbed and free acid accumu¬ 
lated. This accumulation continues up to the point where the 
acid acts as an inhibitory agent on the further growth of the 
lactic acid bacteria, while enzyms continue to produce acid to a 
certain degree. 

Lactic acid is known to exist in three modifications according 
to its action on polarized light, namely; 1, the dextrorotatory; 
2, the levorotatory; and 3, the racemic or inactive acid. The 
particular kind of lactic acid produced by different types of lactic 
acid bacteria has been considered an aid in differentiation of the 
types, and the subject has, therefore, received considerable at¬ 
tention. Each type produces either one of the two active modi¬ 
fications, or when one of two types produces the dextro-, the other 
the levorotatory modification, the racemic variety appears. Con¬ 
trary to earlier opinions, it has been shown, chiefly by Harden, 
that one type of micro-organism always produces the same modi¬ 
fication of lactic acid without regard to changes in condition or 
environment. Bacteria of the Bacillus coli or B. aerogenes type 
always produce levorotatory acid, while the streptococcus type 
always produces dextrorotatory acid. This has been shown by 
Hblling and independently by the writer. Pyogenic streptococci 
have also been shown by the same authors to produce d-acid. 

The kind of lactic acid found in sour milk, therefore, depends 
upon the predominance of one of the types of lactic acid bacteria, 
and this again depends upon several conditions. Since Bacillus 
aerogenes grows more rapidly than Streptococcus lacticus during 
the initial period of souring, the milk at this stage contains chiefly 
1-acid. Later, when streptococci grow more rapidly than Bacillus 
aerogenes owing to the accumulation of acid, d-acid appears. 
The consequence is that racemic acid is formed through the 
combination of the two acids, but one or the other of the two 
active modifications of lactic acid may predominate. 

The kind of lactic acid produced by the different types of lactic 
acid bacteria has been determined by several investigators, but 
the results of early work did not seem to agree. Gfinther and 
Thierfelder found that “normally” soured milk did not always 
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contain the "/ermentation lactic acid” (racemic or inactive acid), 
but that frequently there was a preponderance oi a-acia. Iney 
furthermore determined that Bacterium Jactis acidi (Streptococcus 
lacticus) in pure culture always produced pure d-acid. Leich- 
mann also found that Bacterium Jactis acidi produced only d-acid 
in pure culture, but when milk soured at high temperature racemic 
acid was formed. The investigations of Thiele have shown that 
when milk sours at room temperature mostly d-acid is formed 
during the first few days, but after seven days there was chiefly 
r-acid, with a slight excess of d-acid. When this author ex¬ 
amined milk that had soured at 37° C. he also found d-acid at 


first, but r-acid iippeared after thirty-six hours, and finally 1-acid 
was in excess of r-acid. Kozai’s work is not entirely in accord 
with that of Thiele, inasmuch as he found in milk soured at room 
temperature either pure d-acid or d-acid with a slight amount 
of r-acid. In milk soured at 37° C. Kozai found r-acid and 1-acid. 
Utz is of the opinion that in sour milk r-acid or r-acid with some 
d-acid are present, whether the fermentation occurred at room 
temperature or at 37° C. Rolling examined a number of samples 
of milk and came to the conclusion that milk incubated either 
at 22° C. or at 37° C. contained d-acid. Pure cultures of Strep¬ 
tococcus lacti(^us and strains of streptococci isolated from infants’ 
stools and from the feces of horses, asses, cows, rabbits, and dogs 
produced only d-acid in milk, while a culture of a non-motile strain 
of Bacillus coli produced 1-acid. 

On the surface these results do not appear harmonious. How¬ 
ever, MacKenzie argued that the disagreement of results obtained 
by different investigators may in part at least be due to the 
methods employed. The usual proceeding for determination of 
the kind of lactic acid present in milk is to prepare the zinc salts 
of lactic acid and then determine the rotatory power of the zinc 
lactate, which is the reverse of that of the corresponding acid. 
Sour, loppered milk is filtered and the clear filtrate evaporated 
to a syrupy consistency on a water-bath. The residue is strongly 
acidulated with phosphoric acid, and the liberated lactic acid 
shaken out with ether. After the ether has been evaporated the 
golden-yellow fluid is dissolved in water and the solution boiled 
with zinc carbonate until effervescence ceases. The salt is then 
crystallized from the solution. Addition of animal charcoal aids 
in producing a colorless solution of the zinc lactate. 

According to MacKenzie, active zinc lactates may remain in 
solution after the inactive salt has been crystallized, since the 
gctive salts are soluble in 17.5 parts of water at 15° C., while the 
inactive salt requires at least 53 parts of water for solution. The 
inactive salt crystallizes, therefore, more readily than the active 
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salt, and some of the latter may remain in solution and be over¬ 
looked, unless the remaining solution is te^d separately. 

In a series of studies made by the writer it was found that the 
kind of acid produced in souring milk depends upon the following 
factors: 

1. The relative number present of Streptococcus lacticus and 
Bacillus aerogenes. Since Streptococcus lacticus produces d-acid 
and Bacillus aerogenes 1-acid, we will have racemic acid with ex¬ 
cess of d-acid when Streptococcus lacticus predominates and with 
excess of 1-acid when Bacillus aerogenes predominates. During 
the initial period of acid fermentation Bacillus aerogenes is usually 
present in larger numbers than Streptococcus lacticus, and 1-acid 
is the chief product. Furthermore, during the initial period the 
proteins, as pointed out Iwfore, arc not broken up, and food 
conditions for Streptococcus lacticus are relatively unfavorable. 
Bacillus aerogenes, therefore, multiplies at a greater rate than 
Streptococcus lacticus. 

2. The temperature at which the fermentation occurs is of 
influence. Since Bacillus aerogenes grows more rapidly at rela¬ 
tively high temperature—r. e., 30° C. and higher—than Strepto¬ 
coccus lacticus, more 1-acid is formed at this temperature than at 
lower tempt;rature. 

3. The kind of acid present varies according to the length of 
time the fennentation has lasted. In initial stages of souring 
Bacillus aerogenes predominates, and consequently 1-acid is found 
in excess, hut later, when the food material is more suitable for 
Streptococcus lacticus and when the acid has accumulated to 
a degree to inhibit further growth of Bacillus aerogenes, d-acid 
is the chief product. The d-acid and l-acid combine to form 
r-acid, and during later stages of fermentation d-acid remains in 
excess. 

The facts are probably not entirely explained by the condi¬ 
tions mentioned. Autotran.sformation of active acid into racemic 
acid has been observed by Ncf, and, furthermore, lactic anyhdrid 
is formed, according to .lungfleisch and Godchot, when solutions 
of lactic acid or of lactates are evaporated to concentration. This 
lactic an.hydrid is levorotatory and its presence may bring mis¬ 
leading results. 

In milk obtained under unusual conditions of cleanliness, 
such as certified milk, for example, the number of bacteria is ex¬ 
ceedingly small, and consequently Streptococcus lacticus, being 
more adapted to growth in milk than most other bacteria, rapidly 
becomes predominant, and consequently mostly d-acid is formed. 
It follows that the presence of d-acid in sour milk indicates de¬ 
sirable conditions for dairy products, since members of the coli- 
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aSrogenes group are present in relatively small numbers and are 
easily outgrown by Streptococcus lacticus. 

Furthermore, it should be remembered that observations have 
been reported showing that some micro-organisms may assimilate 
one of the active modifications of lactic acid in preference to the 
other one, so that the latter remains intact. D-acid seems to be 
utilized more frequently than 1-acid, and this agrees with Nef’s 
theory that d-acid is more readily dissociated than 1-acid. And 
finally, we. know that when bacteria disintegrate, enzyms are lib¬ 
erated, which for a time continue the fermentative process car¬ 
ried out during the life of the cell. 

The conditions become still more complicated by virtue of the 
fact that Bacillus aerogenes and B. coli produce acids other than 
lactic acid in considerable quantity, while Streptococcus lacticus 
produces practically pure d-acid. It is, therefore, possible to have 
1-acid in excess of d-acid only when enormous numbers of the 
coli-aerogenes group are present, and this occurs chiefly when 
milk contains excessive amounts of filth or when milk has been 
kept at temperatures high enough to favor the growth of Bacillus 
aerogenes. 

The presence of d-acid, 1-acid, or r-acid can be readily ex¬ 
plained then when we know which one of the two chief types of 
lactic acid bacteria is predominant. Bacillus aerogenes always 
produces 1-acid, and when it is present in larger numbers than 
Streptococcus lacticus, or when the temperature is such as to favor 
its growth, 1-aeid will be formed. But Streptococcus lacticus 
produces d-acid at the same time and, therefore, part of the 1-acid 
is neutralized and r-acid appears. In initial stages of souring, 
therefore, 1-acid will usually be the chief modification, except per¬ 
haps in exceptionally clean milk. As the fermentative process 
proceeds, racemic acid takes the place of inactive acid, and finally 
d-acid predominates. In loppered milk usually inactive acid is 
present with d-acid in excess. At high temperature more 1-acid 
is formed and more rapidly than at low temperature, and, there¬ 
fore, more r-acid with less d-acid results. 

The character of the coagulum produced in souring milk by 
different types of lactic acid bacteria is by no means of the same 
nature. Streptococcus lacticus forms a smooth jelly, with the 
separation of only a small quantity of whey. Even after several 
days the amount of whey that becomes visible is small. Bacillus 
aerogenes, on the other hand, produces a coagulum that contracts 
and leaves considerable whey, and the coagulated casein is broken 
up by gas-bubbles. However, Bacillus coli or B. aerogenes in 
pure culture does not form a coagulum rapidly, so that much gas 
escapes before the coagulum is solid enough to retain large amounts. 
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And furthermore, with the increase in acid the growth of Bacillus 
coli and B. aerogenes is restrained and gas formation decreases. 
The amount of gas in a curd is, therefore, not always an indica¬ 
tion of the number of the coli-aerogenes group present in the milk. 

When, as Hammer has shown, Streptococcus lacticus and 
either Bacillus coli or B. aerogenes are inoculated into milk at the 
same time, a curd is formed rapidly by the acid produced by 
Streptococcus lacticus, and consequently a large amount of gas is 
retained. This phenomenon is more prominent when growth takes 
place at 37° C. than at room temperature. 

Different strains of Bacillus coli and B. aerogenes vary con¬ 
siderably in their power to produce gas, and also in other proper¬ 
ties. This has lieen shown by Harrison, who studied 66 varieties 
isolated from milk, and foimd many modifications which seemed 
to link the extremes together. Hammer has made the interesting 
observation that members of the coli-aerogenes group when freshly 
isolated from milk produce more gas than when kept for some time 
(eight months) on laboratory media. After this time they pro¬ 
duced about as much gas as strains from sources other than 
milk. It seems, therefore, that when gassy cmds are formed the 
cause may not always be looked for in large numliers of the coli- 
aerogenes group, but rather in the presence of strains that have 
acquired the property of producing much gas and have become 
highly acid resistant because of their growing together with 
Streptococcus lacticus. 

The desirable curd for making cheese is the one produced by 
Streptococcus lacticus, and when this organism is present it re¬ 
strains the coli-aerogenes group, as a rule, so that a suitable curd 
is formed. This is especially true at temperatures below body 
temperature. However, Doane and Eldredge have stated that 
cultures of Bacillus bulgaricus are more suitable for suppressing 
gas formation in Emmenthaler cheese than Streptococcus lacticus. 

The Wisconsin curd test, worked out by Babcock, Russell, 
and Decker, gives the cheese maker a simple method of testing 
the quality of the milk for this particular purpose, and is per¬ 
formed as follows: The milk to be tested is placed in sterile pint 
jars and warmed to 90° F. Then 10 drops of rennet extract are 
added and the curd cut into pieces with a knife. After the curd 
has settled the whey is poured off. Then the jars are kept at 
100° to 105° F. After twelve hours the curd is examined. If it 
is of solid, firm texture and the odor agreeable, the milk is suitable 
for cheese making. If the curd is full of gas-bubbles, is of spongy 
consistency, and has an unpleasant odor, it indicates milk of poor 
quality for cheese making. By this simple and useful test the 
cheese maker can easily trace any trouble to the proper source 
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(Figs. 168,169). The mgulm is the result of acid or ream, or 



Fig. 168.—Curd U'St. A good curd obtained from milk containing no harmful 
bacteria but many desir^le acid-forming organisms (Ru8s< 11 and Hastings). 



Fig. 169.—Curd test. The curd obtained from niiilk containing many 
gas-forming bacteria. The irregular, angular holes are mechanical, due to 
the imperfect fusion of the pieces of curd (Russell and Hastings). 

of the combined action of both factors. It forms more readily 
at high temperature than at low temperature (Figs. 170, 171). 
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The relation of Streptococcus lacticus to Str. pyogenes is a 
problem of much interest and one that is not easily accounted for» 
The genus streptococcus, if the term “genus” is permissible in 



Fig. 170.—Rennet curds: a, Smooth curd without holes; b, nearly smooth, 
with many holes; c, uneven, with many holes; rf, spongy; e, loose and broken 
up. (Lohnis.) 


connection with this group of bacteria, has been the subject of 
much study and controversy. To discuss this phase of the ques- 



Fig. 171.—Fermentation tests of milk: a, Liquid milk; 6, jelly-like curd; c, 
cheesy curd; d, gas formation; e, much gas formation. (Ldhnis.) 


tion is not within the scope of our work, but a few words as to the 
direct relation of Streptococcus lacticus to the genus streptococcus 
may find space here. 
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Lohnis in his cJassification of lactic acid bacteria groups 
Streptococcus lacticus with Str. pyogenes Rosenbacb. Kruse, as 
stated More, was the first author to call attention to the similar¬ 
ity of Bacterium Jactis acidi Leichmann to pyogenic streptococci 
and, therefore, proposed the name Streptococcus lacticus as more 
suitable than Leichmann’s appellation. HoJJing states that a 
sharp differentiation between Streptococcus lacticus, on the one 
hand, and Str. pneumoni® and related streptococci, on the other 
hand, cannot be made. He found among the strains of Str. 
lacticus which he studied, some which grew as poorly on arti¬ 
ficial media as Str. pneumoni®, and some that produced such • 
small amounts of acid that milk coagulated slowly or not at 
all. He was able to show that mice are sometimes killed by in¬ 
jection of strains of Str. lacticus, and thinks that a close rela¬ 
tionship between the two groups has been demonstrated. The 
author expresses the belief that later work will show that Str. 
pyogenes and Str. lacticus belong to the same “species,” and that 
perhaps suitable environmental conditions might render Str. lac¬ 
ticus virulent for animals. The writer has shown that by repeated 
passage through rabbits a high degree of virulence can be acquired 
by Str. lacticus, although the opinion, erroneously quoted by some 
authors, that Str. lacticus and Str. pyogenes are identical was 
never uttered. A later investigation has shown that strains of 
Str. lacticus can be rendered virulent so as to produce lesions in 
rabbits practically identical with those produced by typical Str. 
pyogenes, and that the fermentation reactions of Str. lacticus can 
be altered by suitable conditions so as cause a clear approach to 
other strains, including pathogenic strains as far as ability to 
produce acid from carbohydrates is concerned. It was possible to 
show that by animal passage and by cultivation in media contain¬ 
ing serum without the presence of a carbohydrate the chain forma¬ 
tion of Str. lacticus was favored so as to resemble the so-called 
pathogenic Str. longus. Even the power to hemolyze human and 
goat’s blood was acquired to a limited extent at least. The power 
to ferment carbohydrates with acid production was variable and 
dependent in a measure on the oxygen pressure. The greater 
the amount of oxygen available, the more readily were carbo¬ 
hydrates fermented. 

The morphology of streptococci is very variable, and a dis- 
tinet classification on this basis cannot stand scrutiny. The cells 
are known to appear in three distinct forms, namely: 1, the spheric; 

2, the elongated, and 3, the flattened form. All these forms can 
be observed in the same strain under varying conditions. The 
length of the chain is perhaps even more variable than the shape 
of the individual cell, and, therefore, cannot serve as an important 
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means of differentiation. As stated by Rogers, streptococci can 
be grouped according to certain tests or test substances, but the 
grouping varies according to the tests selected by the investigator. 
In the present state of our knowledge we must be contented to 
assume that Streptococcus lacticus and Str. pyogenes are varia¬ 
tions of one parent form, and that characteristics which are ac¬ 
quired may be more or less transient. Buchanan has shown that 
impressed variations on Str. lacticus do not persist. If, however, 
acquired characteristics are impressed for veiy long periods, as 
may be assumed possible with a strain inhabiting milk for a long 
time, it is not impossible that these characteristics persist for a 
considerable length of time. Thus a saprophjqic streptococcus 
may become pathogenic, and a pathogenic one lose its virulence. 
Str. lacticus should be considered a close relative of Str. pyogenes, 
but not identical, even though our present means of differentia¬ 
tion do not reveal very marked and permanent differences. 

The third group of lactic acid bacilli according to Lohnis’ 
classiffcation is an important one, hardly less so than the two 
previous groups. The collective name of lactobacilli' is sometimes 
used to designate this class of bacteria, and they have attracted 
considerable attention because they are the chief agents in the 
production of some fermented milk. The Bulgarian bacillus 
especially has been advertised broadly as the “bacillus of long 
life,” and has gained much notoriety through the publications of 
Metchnikoff and some of his associates. Furthermore, this group 
of bacilli has recently been recognized as playing an important 
r61e in the final ripening stages of some types of cheese, and pure 
cultures can be obtained for this purpose. 

Many varieties of bacilli lielonging to this group have been 
described in the literature, for example: Bacillus bulgaricus, Strep- 
tobacillus lebenis, B. acidophilus, B. acidophil-aerogenes, B. bi- 
fidus, Boas-Oppler bacillus, B. panis fermentati, B. casei. Bac¬ 
terium caucasicum, Komchen bacillus, Leptothrix buccalis, and 
others. We have here another illustration of the multiplicity of 
names assigned to a group of closely related organisms which 
differ from each other in minor properties and which possibly are 
but varieties of one type, whose characteristics have been modified 
by environmental conditions. 

An organism closely resembling Bacillus bulgaricus was found 
by Hefferan and the writer in cornmeal, and was held to be the 
active agent for the production of lactic acid in salt-rising bread. 

’ The term ‘Tactobaeilli” for the group of lactic acid bacteria under 
discussion seems preferable to terms which are not infrequently encountered, 
such as “aciduric bacilli,” “acidophil bacilli,” or “bacilli of the Bacillus 
bulgaricus group.” Such terms are suggestive of some characteristic which 
may not be applicable to some strains. 
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This discovery led to an extensive investigation of the group of 
lactobacilli, and an attempt was made to co-ordinate the number of 
bacilli described, to form in one group. The general characteristics 
of bacilli of this group as given by various investigators are fairly 
uniform, and the belief is justified that they are derived from one 
parent form which has assumed slight alterations in properties due 
to "special conditions. The organisms are described as large bacilli 
occurring singly or in filaments, producing large amounts of acid in 
milk, sometimes more than 3 per cent, and being Gram-positive. 
The descriptions are usually meager, owing to the fact that this 
class of organisms does not grow well on ordinary media. The 
term “acidophil” is sometimes encountered in relation to these 
bacteria, a term that is misleading, because this group of bacilli is 
acid resisting rather than acid loving. Neutral or slightly acid 
media are, in reality, more suitable for cultivation than media con¬ 
taining much acid. 

Bacilli of this group have been isolated by Emmerling from the 
Armenian fermented milk, “raazun”; by Freudenreich in “kefir”; 
by Finkelstein in the intestinal canal of both bottle-fed and 
breast-fed infants; by Moro also in the stools of infants and de¬ 
scribed under the name of Bacillus acidophilus. Other authors 
who have given descriptions of similar bacilli are: Beijerinck, who 
studied kefir and named the organism Bacterium caucasicum; 
leichmann called a similar bacillus Bacillus delbriicki; Rodella, 
Henneberg (B. panis ferraentati), Grigoroff (B. bulgaricus from 
Yoghurt, the Bulgarian milk) are among the investigators of this 
group of bacilli. RhLst and Khouri found Streptobacillus lebenis 
in “leben,” an Egyptian fermented milk. Grixoni examined the 
Sardinian milk, “Gioddu,” and discovered a similar organism. 
Weigmann, Gruber and Huss, Duggeli, Piorkowski, and Liirssen 
and Kuhn described members of this group. Sewerin recognized 
the identity of Bacillus bulgaricus and Streptobacillus lebenis, and 
called attention to the fact that some strains form a slimy product, 
while others do not. 

The colony formation of lactobacilli has been studied by sev¬ 
eral authors. Mereschewsky distinguished two strains, one of 
which formed small colonies, likened to grains of sand, while the 
other strain formed colonies with woolly edges and of considerable 
size (Figs. 172 and 173). 

Under the name Boas-Oppler bacillus the lactobacilli received 
attention first from Boas and Oppler. Further studies were pub¬ 
lished by Strauss, Schlesinger and Kaufmann, Heinemann and 
Hefferan, Galt and lies, and Heinemann and Ecker. Kuntze 
was the first to suggest the identity of the Boas-Oppler bacillus 
with the lactobacilli, and this suggestion was shown to be true 
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by Hefferan and the writer, and by Galt and lies. Additional 
proof was brought later by the writer and Ecker and Rahe. 

Rodella classed the so-called acidophil bacteria with the lacto- 
bacilli, including the Bacillus bifidus of Tissier. Kuntze then 
showed that there are chiefly two types of bacilli distinguished 
from each other by their staining properties. While one type, 
represented by Bacillus bulgaricus, stains solidly with Neisser’s 
stain and alkaline methylene-blue, the other strain shows granules. 
This latter is the granule bacillus or the “Kornchen” bacillus (Figs. 
174-176). 

The lactobacilli, as stated befdre, grow but sparingly on la¬ 
boratory media, but growth is favored by the presence of dextrose 
or lactose. Milk, or a medium pre¬ 
pared from milk, such as whey-agar, 
is the best culture-medium. Rahe, 
in some studies as to the fermenta¬ 
tive power of lactobacilli, used un¬ 
neutralized meat-peptone sugar-free 
broth, with addition of carbohy¬ 
drates. BetTwort agar has also been 
used with some success. By addi¬ 
tion of pieces of marble or calcium 
carbonate in some other form the 
acid is neutralized as soon as formed, 
and growth is much prolonged. 

The optimum temperature is usu¬ 
ally given as ranging from 40° to 45° 

C. and even higher, but some strains 
grow fairly well at lower tempera¬ 
ture. At least this must be assumed, 
since in the ripening of some types of 
cheese lactobacilli play an important r61e. This has been shown 
by Eldredge and Rogers and by Evans, Hastings, and Hart. 

The lactobacilli retain the stain when treated with Gram’s 
iodin solution when the cultures are young, but in old cultures 
negative forms prevail. If a Gram stain is made of a culture 
several days old and a red counterstain applied, filaments that are 
composed of red and blue cells can be frequently observed. The 
presence of oxygen is not necessary for growth; in fact, anaerobic 
conditions are preferred by the lactobacilli. 

Owing to the difficulty experienced in attempting cultivation 
of lactobacilli their wide distribution in nature is a recent discov¬ 
ery. Hefferan and the writer found them in the feces of cows, 
horses, and in human feces; in soil where manure was present; 
in human saliva; in the gastric juice; in market milk; in various 
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Fig. 173.—Colony of Bacillus bulgaricus highly niagnified 



Fig. 174.—Bacillus bulgaricus, young cultures. 

kinds of fodder for cattle (bran, silage, dry brewer’s grains); in 
commeal, sourkrout, olive juice, dill pickles, and pepper mango. 





Fig. 176.—Bacillus bulgaricus from cultures several days old. 

mer isolated lactobacilli from milk, butter, and cheese. El- 
dredge and Rogers found them in large numbers in Emmenthaler 
cheese; Evans, Hastings, and Hart, in Cheddar cheese; Esten and 
21 
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Hunter and Bushnell think that the fermentation of silage is 
dependent upon the activity of lactobacilli. Hastings and Ham- 


Fig. 175.—Bacillus bulgaricus showing granules. 
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Mason, in Camembert and Roquefort cheese; Dotterer and Breed 
found them in enormous numbers in the raw and pasteurized 
wbey from cheese factories. This last discovery is of special 
interest, inasmuch as it shows that the thermal death-point of the 
bacilli must be above pasteurization temperature, since in p^- 
teurized whey they were present almost in pure culture. White 
and Aveiy, however, claim that a minimum exposure of fifteen 
minutes to 60® C. was necessary to kill all strains. 

Pathogenicity to man or animals has never been observed. 
Lactobacilli produce chiefly lactic acid. Hefferan and the 
writer found that 5.8 to 6.1 per cent, of the total acid formed 
consisted of volatile acid. The nature of the volatile acid was not 
determined. According to Bertrand and Weisweiller and Ber¬ 
trand and Duchacek acetic, formic, and succinic acids are formed. 
White and Avery state that all strains observed by them produced 
small amounts of volatile acid, the nature of which was not deter¬ 
mined. The same authors found small but appreciable amounts 
of alcohol in the distillates from whey of ten-day-old cultures, 
but neither acetone nor aldchyd. They state further that the 
casein and fat are slightly decomposed so that a bitter acrid taste 
is produced. 

The influence of oxygen pressure on acid formation by lacto- 
bacilli has been studied by Koestler. Working with Bacillus 
casei of Freudenreich, the author determined that more acid is 
formed when the surface of the culture-medium exposed to the 
air is reduced. The author also found that more acid is produced 
when the quantity of peptone is increased, and that acid is not 
produced exclusively from the carbohydrate, but that part of it is 
derived from the peptone. When all conditions as to composition 
of the medium, the temperature, and the oxygen pressure were 
equal, Koestler always found that the same amount of acid was 
produced. 

The lactic acid formed by those lactobacilli which produce 
large amounts of lactic acid is of the inactive variety according 
to Heinemann and Hefferan and White and Avery, while accord- 
ii^ to the latter authors the low acid producers form levorotatory 
acid. This is in agreement with the findings of Heinemann and 
Ecker that the Boas-Oppler bacillus, which belongs to the class of 
low acid formers, produces levorotatory acid. Currie found 
dextrorotatory acid formed by lactobacilli isolated from human 
saliva, human feces, malt, kraut, cheddar cheese; he found d-acid 
with a small admixture of i-acid in strains from cheddar cheese; 
from another strain from cheddar cheese he found pure 1-acid; 
and in milk soured at 38° C. he found 1- and i-acid mixed. 

Currie’s results are not entirely in harmony with those of 
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other observers. Whether this is due to the fact that he studied 
a larger number of strains or to some other reason cannot be de¬ 
termined, and the decision must be obtained by future work. 

The nature of the coagulum formed by the different strains 
varies somewhat. Some strains produce a smooth semifluid, 
sometimes slimy coagulum without separation of whey, while 
others produce a coagulum that is fairly firm and from which a 
small amount of whey separates. 

Attempts at organizing the lactobacilli into groups have not 
been wanting. Lohnis distinguishes six types, as follows; 

1. Type: Bacillus casei, Freudenreich. Coagulate milk and 
form gas. Members of this type are; Bacterium casei d, Freuden¬ 
reich; Lactobacillus caucasicus, longus and fragilis, Beijerinck; 
Bacterium pabuli acidi III, E. Weiss. 

2. Type: Bacterium casei, Leichmann. No gas formed and 
milk coagulated. Members of this type are: Bacterium casei I 
to III, Leichmann and Bazarewski; Bact. pabuli I and II, E. 
Weiss; Bact. casei a, Freudenreich; Bact. lactici aerobans. Conn; 
Bact. No. XIX, Adametz (Bact. truncatum, Migula); Strepto- 
bacillus lebenis. Hist and Khouri; Bact. bulgaricus, Liirssen and 
Kuhn; Bact. lactis acidi, Marpmann; Bact. Eckles, from Harz 
cheese; Bact. Listen and Wortmanni, Henneterg. 

3. Type: Bacterium caucasicum, Lehmann and Neumann. 
Form gas, but do not coagulate milk. Members of this type are: 
Bacillus from kefir, Freudenreich; Lactobacillus fermentum, Bei¬ 
jerinck; Bacterium panis fermentati, Heyducki, Buchneri and bras- 
sicae fermentatae, Henneberg. 

4. Type: Bacterium delbriicki, Leichmann. Does not form 
gas and does not coagulate milk. Members of this type are: 
Bact. delbriicki, Leichmann; Bact. acidificans longissimus, Lafar; 
Long bacilli from sour dough, Holliger; Bact. lebenis. Hist and 
Khouri; Bact. Leichmanni l-III and Beijerinckii, Henneberg. 

5. Type: Slimy type. Members of this type are; Varieto of 
Bacterium lactis acidi, Leichmann; Lactobacillus caucasicus, 
Beijerinck; Bacterium casei o and s; Bact. abderholdi, Henne¬ 
berg, and a strain from Yoghurt. 

6. Type; Forms colonies with branches. Membera of this 
type are: Bacterium lactis acidi, Leichmann; Bact. casei ^ and *, 
Freudenreich; Bacilli from mazun described by Dtiggeli and by 
Weigmann, Gruber, and Huss; Granule bacillus of Liirssen and 
Kiihn; Bact. yoghurt, Kuntze; Bacillus from kumiss described 
by Schipin; Bact. sardous, Grixoni; Lactobacillus conglomeratuus, 
Beijerinck; Bacterium delbriicki S, Henneberg; different bacilli 
from lactic acid in stomach. 

This classification undoubtedly might be simplified by an ex- 
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haustive study, which would show that the multiplicity of names 
is useless, and that different types have been described where one 
would answer the purpose. , . 

A simpler, although not as comprehensive, classihcation has 

been proposed by White and Avery, namely; 

Type A: With Loffler’s methylene-blue or with NeisserssWn 
the protoplasm is, homogeneously stained. Acid production 
amounts to 2.7 to 3.7 per cent, lactic acid in milk. The lactic 
acid formed is the inactive variety. 

Type B; With Loffler’s methylene-blue or with Neisser’s stain 
the presence of intensely staining granules may be demonstrated 
in the protoplasm. Acid production amounts to 1.2 to 1.6 per 
cent, lactic acid in milk. The lactic acid formed is the levorotar 
tory variety. 

Finally, Rahe found that the ability to ferment maltose offered 
a useful means for classification. Three types are distinguished 
by this author, as follows: 

Type A: Which clots milk, but has no action on maltose. 

Type B: Which clots milk and ferments maltose. 

Type C: Which ferments maltose, but does not clot milk. 

Rahe extended this study, and in a recent publication states 
that “the aciduric bacilli, including Bacillus bifidus in its aciduric 
phase, may best te classified in accordance with their ability to 
ferment certain carbohydrates.” The author tested the fer¬ 
mentative ability of his strains with maltose, sucrose, lactose, 
raffinose, glucose, and mannite. 

It must be confessed that these attempts at classification serve 
a useful purpose temporarily, but that they are still incomplete, 
and perhaps of not sufficient breadth. An exhaustive study of 
the members of the group of lactobacilli, therefore, should be made 
to bring a rational classification to a higher degree of perfection. 

The lactobacilli can be isolated by inoculating the material 
containing them into a broth to which 2 per cent, of dextrose and 
0.5 per cent, of acetic acid have been added. The acetic acid 
inhibits the majority of other organisms present, and after trans¬ 
fers for several days and incubation at a high temperature of about 
42° to 45° C. the lactobacilli will usually be found in pure culture. 
Inoculation into milk then will facilitate study. Plates in whey- 
agar may be prepared so that pure cultures are assured, and 
the colonies may then be transfebred to slanted whey-agar. 

The fourth group of lactic acid bacteria, according to Ijohnis’ 
classification, consists of micrococci, and these are derived chiefly 
from the udder. It has been previously stated that the majority 
of bacteria in milk while still in the udder belongs to the class of 
micrococci or staphylococci. The type of this class is Staphy- 
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lococcus (pyogenes) aureus, Rosenbach, and the micrococci found 
in milk are either identical with Staphylococcus aureus in cultural 
and biochemical properties or, at most, environmental modifica¬ 
tions. They are Gram-positive, grow well on laboratory media, 
and frequently produce pigments. The golden-yellow pigment is 
the common one produced, but lemon-yellow, pink, and reddish- 
brown pigments are not infrequent. Staphylococcus albus is the 
variety that produces no pigment. The micrococci grow best at 
about 35° to 37° C., but some varieties have a lower optimum 
temperature, some as low as 20° C. They grow also at tempera¬ 
tures near the freezing-point of water. 

The staphylococci found in milk produce, as a rule, three 
enzyms, namely, one which attacks milk-sugar with the produc¬ 
tion of acid; one which coagulates the casein; and a proteolytic 
enzym. The micrococci are, therefore, of importance in the 
ripening of some cheeses, notably Emmenthaler, Limburger, and 
Camembert cheese. They produce volatile substances which in 
part are responsible for the aroma in some cheeses. Gorini’s 
acid-coagulating micrococci belong to this group. 

As a rule the micrococci found in milk are non-pathogenic, but 
occasionally they may cause an inflammation in the udder. One 
type of mastitis is caused by the staphylococci. Miss Evans 
occasionally found staphylococci that were pathogenic for rabbits 
in the udder. Pathogenicity for man has not been established. 

The staphylococci usually coagulate milk promptly, although 
they do not produce as much acid as the other groups of lactic 
acid bacteria. Coagulation is brought about by the combined 
action of acid and the coagulative enzym. 

Spoke-bearing Bacteria in Milk 

Spore-bearing bacteria occur constantly in milk, and are either 
aerobic or anaerobic. The aerobic spore-bearers are of the pro- 
teus and the hay bacillus groups. The presence of these, espe¬ 
cially of the latter type, favor the growth of anaerobes in milk, 
since the pellicle formed at the surface aids in excluding the oxygen 
of the air. 

The bacilli of the hay bacillus or the potato bacillus type are 
common on hay, fodder, potatoes, and in manure. Their entrance 
into milk is, therefore, readily explained. As a rule, they pro¬ 
duce a coagulative enyzm, and after coagulation break up the 
proteins. The milk assumes a brownish or reddish-brown hue 
and becomes translucent. Studies of anaerobes in milk have been 
published by Grassberger and Schattenfroh and by Brown. 

The bacteria of this group have come into prominence through 
the work of Fliigge, who isolated several types from pasteurized 
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and boiled milk in which the spores survived. The author came 
to the conclusion after experiments with animals that toxins are 
produced by these organisms, and that consequently the digestive 
tract is injured, especially in infants. 

Anaerobic spore-bearing bacteria cause butyric acid and pro¬ 
pionic acid fermentations in milk. In addition to these acids, 
valeric acid is sometimes formed, and the milk always emits a 
disagreeable odor under the influence of these bacteria. The buty- 



Fig. 177.—Anaerobic spore-bearing bacteria (Weigmann). 


ric acid bacteria are widely distributed in cultivated soil, ma¬ 
nure, on grain, and some fodder. The spores are terminal and a 
drumstick or clostridium-shaped large bacillus is seen in stained 
preparations (Fig. 177). 

The butyric acid bacteria are sometimes separated into the 
motile and the non-motile varieties. The motile butyric acid 
bacillus, named Granulobacillus saccharobut 5 Ticus mobilis or 
Bacillus saccharobutyricus, is not as common in milk as the 
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**®*?*^**^*^® tyP®> named Granulobacillus saccharobutwicus im- 
mobilis or Bacillus dimorphobutyricus. This latter occurs in 
cow manure, and hence is common in milk. The spores of the 
motile bacillus are not as highly resistant to heat as those of the 
non-motile. The latter are destroyed only by prolonged boiling 
while those of the former are killed by three minutes’ boiling. 

The Bacillus putrificus of Bienstock belongs to this group of 
anaerobic bacteria, and is frequently found in milk. The spores 
of this orpnism are also terminal, and are destroyed by five min¬ 
utes’ boiling, but not after three minutes. 

Weigmann s Plectridium fcetidum belongs to the spore-bear- 
iqg bacteria, and was isolated by the author from Limburger 
cheese. It di.ssolyes milk proteins with evolution of gas and a 
strong odor of Limburger cheese. 

Butyric acid bacteria produce acid from milk-sugar, calcium 
lactate, and protein. The chief products from carbohydrates are 
lactic, acetic, and formic acids. Sometimes valeric acid and alcohol 
also are formed. The gas consists of hydrogen and carbon dioxid, 
hydrogen being produced in greater quantity than carbon dioxid. 
From complex carbohydrates glycerin is sometimes produced. 
The proteins yield chiefly butyric and .succinic acids and are broken 
down into albumoses, pc-ptones, amino-acids, trimethylamin, am¬ 
monia, ammonium carbonate, hydrogen sulphid, etc. 

Bacillus welchii and B. sporogenes arc also common in milk, 
as might be anticipated, and it is not at all improbable that these 
organisms can be identified with some of the butyric acid bacilli 
mentioned above. 

The propionic acid bacteria grow with difficulty, and at best 
slowly on ordinary media. Weigmann recommends the follow¬ 
ing medium for .study of this type of bacteria: In 1000 c.c. of water 
dissolve 20 grams of peptone, 2 grams of dipotassium phosphate, 

5 grams of sodium chlorid, and 20 grams of calcium lactate. They 
are anaerobes and decompose lactates, with production of carbon 
dioxid, propionic acid, and some acetic acid. The casein is but 
slightly broken up. They have been isolated from Limburger and 
Emmenthaler cheese, and were formerly thought to produce the 
holes or “eyes” in Emmenthaler cheese by evolution of carbon 
dioxid. Other anaerobes sometimes occurring in milk which 
produce capronic acid, butyl- and propyl alcohol have not been 
sufficiently studied. Detailed descriptions of spore-bearing bac¬ 
teria in milk are given in a study by Lawrence and Ford. 

As a rule, spore-bearing bacteria are not of material sanitary 
significance in milk, and^heir chances for growth are relatively 
poor, since milk is constantly in contact with air and contains 
appreciable quantities of oxygen in solution. 
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Chbomogenic Bacteria in Milk 

It happens not infrequently that milk assumes a peculiar color 
after it has stood for some time. The change in color is due in 
most instances to the multiplication of pigment-forming bacteria, 
which, it is true, are almost universally present in milk, but ordi¬ 
narily do not grow in sufficiently great measure to impart their 
peculiar pigment to the milk. Thus milk sometimes appears 
blue, red, yellow, chocolate brown, and other colors. 

The bacteria producing these pigments are not related to 
each other in such manner as to form a distinct group. The 
chief property in common is their ability to produce pigmei^t; 
otherwise there is no marked resemblance. The pigments are 
quite different when produced by bacteria of various groups. 
For example, a yellow sarcina produces a yellow sediment in 
milk; Bacillus prodigiosus produces a red pigment; B. cyanogenes, 
a blue pigment. These pigments are not always in evidence even 
when the bacteria are present, as certain conditions are required 
for the formation of pigments. Acid is sometimes inhibitory to 
pigment formation, as, for example, in the case of the fluorescent 
pigment of Bacillus fluorescens. The acid which develops in 
milk soon after milking prevents the formation of the fluorescent 
pigment, even though the bacilli may be present in fairly large 
numbers. The blue pigment produced by Bacillus cyanogenes, 
on the other hand, becomes more intense when acid develops, 
although in this instance the result is probably due to increased 
growth rather than to the formation of a pigment of greater 
intensity. A sort of metabiosis between the lactic acid bacteria 
and Bacillus cyanogenes is responsible for greater growth of the 
latter in presence of acid than without the acid. 

The presence of free oxygen is necessary for the formation of 
many pigments, so that these appear near the surface of the milk 
rather than in deep layers. There are, however, exceptions to 
this rule. Bacillus erythrogenes, for example, forms pigment in 
the absence of free oxygen. A stab-culture of this organism de¬ 
velops pigment in absence of free oxygen, but it grows well also 
under aerobic conditions. 

Temperature is an important factor in pigment formation. 

At 37° C. many chromogenic bacteria do not produce pigment, 
while at a lower temperature it may be formed in abundance. 
Light has an inhibitory effect on pigment formation, but in an 
opaque fluid like milk light is unable to penetrate to an appre¬ 
ciable depth, and pigment bacteria are not materially influenced. 

Finally, it should be remembered that bacteria have a tendency 
to rise with the cream, so that the cr^m layer frequently shows 



THE KINDS OF MICRO-OKGANISMS IN MILK 377 

the presence of pigment when the skimmed milk below has a nor¬ 
mal appearance. 

Colored milk has never, as far as our knowledge goes, been 
produced by bacteria that are injurious to health. However, the 
appearance of colored milk naturally arouses the suspicion of the 
consumer, and is, therefore, frequently the source of considerable 
annoyance to the producer and dealer. Colored milk is an an¬ 
noyance for the additional reason that the milk usually shows no 
evidence of color when it leaves the producer’s or even the dealer’s 
hands. The pigment appears after the milk has been standing 
for some time, so that pigment-forming bacteria have had oppor¬ 
tunity to multiply. 

As indicated, the pigment frequently affects only limited por¬ 
tions of the milk. The surface may be uniformly colored; or 
colored spots appear which gradually expand and coalesce, and 
finally penetrate to some depth; or the whole volume of the milk 
is affected; or, finally, the pigment may in rare instances appear 
in lower portions of the milk only. 

There are cases occasionally where milk is colored by agen¬ 
cies other than micro-organisms. The presence of blood is not 
an infrequent cause of a red tint in milk, and, according to Olson, 
milk which has been allowed to stand in iron dishes for several 
hours may assume a bluish-gray color due to solution of some 
iron. Milk from diseased udders may have a decided yellowish 
tint. It has furthermore been held that some pasture plants 
which are eaten by cows influence the milk so as to pro¬ 
duce coloration, but observations of this sort are not entirely 
trustworthy. 

Blue Milk 

Blue color in milk has probably been more frequently observed 
than any other “color fermentation” of milk. Sometimes the 
blue pigment appears only after the acidity of the milk is pro¬ 
nounced, and observers agree that the pigment becomes more 
intense as acidity increases. Probably this phenomenon is not 
due to a chemical influence as much as to the fact that the milk 
becomes more suitable for growth of the organism when acidity 
develops. It is an example of an associative effect of lactic acid 
bacteria and the pigment-producing types. Hammer has ob¬ 
served that the pigment develops more rapidly in raw milk than 
in pasteurized milk, and in pasteurized milk more rapidly than 
in sterilized milk. A blue color develops quite rapidly in pas¬ 
teurized milk when it curdles promptly. The influence of lactic 
acid bacteria is quite obvious, since raw milk sours more rapidly 
than pasteurized milk, and pasteurized milk more rapidly than 
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boiled milk. As a matter of fact, boiled milk does not usually 
s6ur. 

Bacillus cyanogenes or Bacterium syncyaneum is probably the 
most common cause of blue milk. It has been isolated and de¬ 
scribed by authors in this country as well as in Europe, and, 
therefore, may be assumed to be widely distributed. The color 
is not produced in milk kept at 37° C., according to Hammer, 
who has made an exhaustive study of some strains of this organ¬ 
ism. The distribution of the color seems to be more uniform 
throughout the volume of the milk when the milk has been pas¬ 
teurized than when raw. 

Bacillus cyanogenes is an actively motile rod; it is readily dis¬ 
colored by Gram’s method of staining; according to some authors 
(Weigmann, Hammer) the organism does not produce spores, 
while others (Conn, Esten, and Stocking) claim to have observed 
spore formation. On agar, pigment does not develop, but in old 
cultures a brownish color appears near the puncture. Surface 
colonies are large and appear somewhat bluish. Gelatin is not 
liquefied, but casein seems to be broken up in a moderate degree. 
Hammer states that a most intense blue color develops in dextrose 
broth; a bluish-green in glycerin broth, and a brownish tinge in 
levulose broth. Broth containing cither sucrose, niannit, raffinose, 
or lactose turns slightly brown, while with malto.se, salicin, or 
inulin a greenish tinge is observed. No pigment develops on 
potato. Bacillus cyanogenes does not produce gas from carbo¬ 
hydrates and does not grow in the closed arm of a fermentation 
tube. According to Hammer, acid is produced from dextrose, 
but not from other carbohydrate.s. 

Blue milk has been observed more frequently in summer than 
in winter. Weigmann states that feeding of turnips or of clover 
mixed with horsetail (Equisetum arvense) causes the blue pigment 
to appear in milk, and that a change of food relieves the trouble. 
The micro-organisms producing the pigment are said to be dis¬ 
seminated by the foods mentioned, and consequently they are 
also present in cow feces, and may gain access to the milk from 
this source. 

The pigment of Bacillus cyanogenes as it appears in milk, 
according to Weigmann, is composed of two pigments, namely, 
a steel-blue and a fluorescent one. The fluorescent pigment is 
intensified by presence of magnesium sulphate, while phosphates 
favor development of the blue pigment. 

Bacillus cyaneofluorescens is sometimes mentioned as causing 
blue milk. This organism is a small, motile bacillus with terminal 
flagella, and does not form spores: Gelatin is not liquefied and 
an odor of trimethylamin develops in cultures. Pigment forma- 
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tion is favored by the presence of acid. Large blue spots of the 
size of a dollar are formed on the surface of milk by this oi^anism. 
Whether this is a type distinct from Bacillus cyanogenes or merely 
a variation is not known. 

Wolff mentions Bacterium indigonaceum as an organism pro¬ 
ducing bluish-green milk; Bact. cseruleum, producing a sky-blue 
cream; Bacillus violaceus, which does not color the whole milk, 
but forms a blue film, and Bacillus membranaceus aniethystinus. 
Descriptions are too meager to classify these organisms. 

Weigmann has isolated a species of oidium that produces a 
blue color in milk. The author made the interesting observation 
that the pigment is not carried by all cells composing a filament 
of the mold, but that colored cells occur intermittently within the 
threads. 

Red Milk 

As a rule, red pigments develop in milk less rapidly than blue 
pigments. The red color apfiears generally after a lapse of two 
to three days, so that the milk is delivered to the consumer in 
apparently good condition. When milk is colored red from the 
presence of blood the color naturally appears immediately after 
milking. 

Red milk is probably caused by Bacillus prodigiosus more fre¬ 
quently than by other red pigment-forming micro-organisms. 
Usually the cream alone appears colored as the bacteria rise with 
the fat globules. Such milk is, of course, entirely harmless and 
objectionable only on account of appearance. 

Bacillus erythrogenes, first described by Hiippe, sometimes 
imparts a red color to milk. The red color is then diffused through¬ 
out the whole volume of the milk. Other organisms mentioned 
by Weigmann that occasionally cau.se red milk are Bacillus lacto- 
rubefaciens (Gruber), Sarcina rosea, and Micrococcus cerasinus 
(Keferstein). 

Other Colored Milks 

Bacillus fluorescens is a common inhabitant of water and feces, 
and consequently of milk. Its fluore.scent pigment, however, ap¬ 
pears but rarely, since the acid prevents its formation. Yellow 
milk is very uncommon, although a few accounts may be found 
in the literature. Sarcina lutea may form a yellow pigment in 
milk, but the pigment settles and does not impart a yellow color 
to the whole milk. Bacterium synxanthum produces a pigment 
that diffuses throughout the milk. This organism is a small, 
motile bacillus .that coagulates milk and dissolves the casein, leav¬ 
ing a lemon-yellow fluid. 
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Slimy, Stringy, and Ropy Milk 

Slimy, viscous, stringy, or ropy conditions in milk are among 
the commonest and most troublesome of all abnormal conditions 
of milk. The consistency of milk changes so that it can be drawn 
out into strings or threads, sometimes to a length of several feet 
(Fig. 178). This condition is particularly obvious when the milk 
is passed through a sieve, the threads hanging tenaciously from 
the meshes of the sieve. The nature of such abnormal milk varies 
considerably; sometimes the strings are fine like silk, sometimes 
thicker; sometimes, again, the tendency is not 
to form strings of considerable length, but the 
milk becomes thick and of tenacious con¬ 
sistency. When sliminess develops the chem¬ 
ical change in the milk is slight. It may 
turn sour in the usual fashion, and there is 
usually no radical alteration of the casein or 
breaking down of the milk-sugar, although 
slime-forming organisms that break down 
casein to the point of complete liquefaction 
are rarely encountered. The greatest chem¬ 
ical change occurs when the stringiness is due 
to a pathologic condition of the udder. This is 
frequently accompanied by a profound prote¬ 
olysis. 

When the viscosity is caused by micro¬ 
organisms the taste of the milk is not materi¬ 
ally altered; the digestibility is not impaired; 
acidity develops as usual, but the physical 
condition somewhat veils the acid taste. In 
some countries viscous milk is prepared for 
the table and considered a delicacy. The 
Norwegian tatt6 m61k or tatmjolk is an ex¬ 
ample. The milk is inoculated with butter- 
wort (Pinguicula vulgaris), on which a slime¬ 
forming bacterium is known to exist. In 
conjunction with a yeast which produces an agreeable flavor a 
fermentation begins, and a thick milk results, which is eaten with 
a spoon or even with a knife and fork. 

Lange wei is a viscous whey that was quite generally used in 
Holland for making Edam cheese. The whey contains a lactic 
acid bacterium. Streptococcus hollandicus, that is the cause of 
the viscous condition and produces acid at the same time. For 
many years it was thought that the best quality of Edam cheese 
could be produced only by the use of this lange wei, of which 



Fig. 178.—Slimy 
milk. It does not 
mix with water when 
poured into it (Rus¬ 
sell and Hastings). 
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1 part was added to 200 parts of the milk to be used. Recent 
studies, however, have shown that Streptococcus hollandicus is 
but a variety of Str. lacticus, and that by the use of pure cultures 
of Str. lacticus an equally good product can be obtained. The 
consequence is that lange wei is now not in general use. Str. 
hollandicus forms viscous milk only at moderate temperature of 
about 20° C., and when cultivated at higher temperature it causes 
souring of milk without slime formation. 

It has been repeatedly reported that-when strains of Strepto¬ 
coccus lacticus are cultivated for successive generations in milk 
they not infrequently acquire the ability to produce slimy milk. 
This fact has been particularly annoying when butter starters 
are propagated. Slimy or ropy milk is difficult to handle for 
butter and cheese making, and is, therefore, undesirable from this 
point of view. Furthermore, the slimy or ropy condition some¬ 
times develops slowly, so that the milk is delivered to consumers 
in apparently good condition, but shows evidence of an objec¬ 
tionable character after standing for some time. 

Slimy or ropy milk has been observed in many parts of the 
world, and it must l)e taken for granted that the organisms which 
produce this abnormal condition are widely distributed. Some 
authors make distinctions between slimy, ropy, and stringy 
milk. The term “ropy milk” is used to designate milk that can 
be drawn out into long threads, w'hich is not possible with slimy 
milk. Stringy milk, according to some authors, applies only to 
milk from diseased udders. The milk then contains fibrin and 
large numbers of body cells which cause the stringy condition. 
The definition of stringy milk implies, therefore, that bacteria 
are only indirectly responsible for the abnormal condition by being 
the cause of the pathologic condition, while in ropy or slimy milk 
bacteria are directly responsible by attacking some of the milk 
constituents, with production of slimy or ropy substances. 

The effect of different organisms, or different temperatures, or 
of other, at present unknown, conditions is such as to cause a dif¬ 
ferent degree of viscosity. The viscosity can be measured by 
comparing the length of time required for a definite amount to 
be discharged from a pipet, or by allowing the milk to flow down an 
inclined pane of glass. Sometimes, however, the viscosity is so 
intense that the milk will not flow at all, and a tube containing 
such milk can be inverted without spilling the contents. 

Some organisms producing viscosity in milk grow chiefly at 
the surface, so that lower portions of the milk are not as intensely 
slimy as upper portions, while other organisms produce an equal 
d^ree of viscosity throughout. Usually slime is formed at a 
moderate temperature of about 20° C., while at higher tempera- 
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ture the consistency remains normal. This applies chiefly, as 
stated before, to lactic acid bacteria of the Streptococcus larticus 
type. Ijictic acid bacteria of the Bacillus aerogenes type may 
also proiluce a slimy condition in milk, but in this ease the most 
favorable lemfierature in higher than when Streptococcus lacticus 
is the slime-forming organism. There are also lactobacilli that 
produce a viscous condition in milk, and the best temperature 
for these organisms is 42° to 45° 

Increase in aeddity usually destroys the viscous condition of 
milk, and it is found, therefore, that the viscosity which appears 
when cultures an; young disappears after .several days. Shaking 
a slimy milk cult ure usually causes the viscosity to disappear. 

Even iK'fore bacteriology had liecome an estalilishetl science it 
was assumeil by some investigators that slimy milk was the result 
of bacterial activity, and after the iHTfection of liacteriologic 
technics many reports of organisms causing slimy milk were pub¬ 
lished Iwth in Euroixian countries and in the United States. In 
this country Theobald Smith (1801), Marshall (180(>), (onn (1899), 
Ward (1901), and Buchanan and Hammer (1915) have reported on 
findings of bacteria in slimy milk, and in Uaimda H.‘irri.son and 
Barlow (lOOo-tX)) encountered a similar jthenomenon. The writer 
had occasion to isolate an organism from slimy milk that was 
causing trouble in a large suburban dairy of Chicago iti 1915. 

It is plain that slime-producing organisms are widely dis¬ 
tributed. Some of these always produce slime when they gain 
access to milk and when tem|x:rature conditions ure suitable; 
others suddenly acquire the ability to produce viscosity in milk, 
and may just as suddenly lose this pro|x'rty. The reason for 
this phenomenon is not undersPsMl. Streptococcus lacticus espe¬ 
cially is liable to acquire slime-forming ability when transplantetl 
successively in milk, and this happens not infrequently when 
starters are propagated by frequent transplants. Bacillus aerog¬ 
enes also acquires the slime-forming capacity sometimes, and re¬ 
tains it even in artificial cultures. 

When a starter that has liecome viscous is examined through 
a microscope it may be observed that the chains of streptococci 
are of unusual length and that the cells are frequently surrounded 
by capsules. Buchanan and Hammer, who have recently made 
an exhaustive study of slime-forming organisms, state that the 
chains form a network in the casein and thus cause the viscosity 
(Figs. 179-181). The sliminess, however, rapidly disappears 
when the milk is shaken or when it is heated to a temperature 
above 45“ C. 

Viscosity in milk does not inhibit acid formation; on the con¬ 
trary, Buchanan and Hammer state that it was not unusual to 
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find that the cultures that gave evidence of the most intense vis¬ 
cosity contained as much acid as those that had the least vis¬ 
cosity. Sliminess was not reduced by holding cultures at 37° C. 



Fig, 179.—.‘itrfpUH-orriis lactioiis, froni first transfer of a commercial 
starter eultiire. ('aiwule stain It will be nnUa] that mane chains of organ¬ 
isms arc eafisulated, others are not eaiwiilated (R. K. Buchanan and B. W. 
Hammer in Rewareii Bull. No. 22, Iowa Istate ('ollege of Agriculture.) 


or by transferring tlieni fre<iuently and incubating at the same 
temperature. 

While Streptococcus laeticus and Hacilltis ticrogenes are fre¬ 
quently the cause of slimy milk, the organism most commonly 





Fig. ISO.—.Streptococeas laclicua. Fig. 181.—.Strrptococcua laeticus, 

occurring in long chains in a starter capsiilati'd chains from a slimy com- 
from which slimincss has disappi-ari'd. mercial starter culture. 

(R. E. Buchanan and B. W. Hammer in Research Bull. No. 22, Iowa State 
College of Agriculture.) 

responsible is B. (lactis) viscosus, first described by Adametz. 
This organism grows preferably at low temperature, as low as the 
temperature of a house refrigerator. Ward was able to receiver 

it from water, ice, and the stable air, and believes, with other 

investigators, that surface waters are frequently inhabited by this 
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OTKanism, and that cows after wading carry it on their coats to 
the stable. Even ice may, therefore, be the transmitting agent. 
B. (lactis) viscosus was the cause of the trouble investigated by 
the writer, and the strain isolated did not grow at all at 37 C. 
The slirniness was not evident in the milk when delivered to the 
consumer, but flcveloiKjd after the milk had been kept in a re¬ 
frigerator for a few hours. 

After the organism has lx!en introduced into a dauy it is not 
an easy matter to exterminate it. Superficial steaming of the 
uten.sils and machinery is not sufficient. Steam must be applied 
until the metal is thoroughly laxited. The utensils or machinery 
may l)C filled with milk of lime, and this allowed to remain there 
for several hours liefon^ being washed out. 

Buchanan and Hammer found a new type of slime-forming 
bacterium in a tube of litmus milk which had been autoclaved. 
This bacillus digests the casein and leaves a viscous residue. The 
discoverers named it Bacterium peptogenes. 

Some strains of Bacillus bulgaricus have a strong tendency to 
slime formation in milk. The slime is particularly evident in 
young cultures, but after a few days it usually disappears. No 
capsules have l)een dcmon.strated in cultures of this organism. 
Other mcmlH'rs of the group of laetobacilli occasionally produce a 
slimy milk, but this faculty is readily lost. 

The bacterial products that cause viscosity in milk may lie 
derived either from the carlmhydrate or from the protein. When 
milk-sugar is the mother substance the'viscous material is a gum 
which hydrolyzes either to dextrose or to galactose. The former 
is known as dextran, the latter as galactan. Galactan is prob¬ 
ably more common in milk than dextran. 

When the proteins are the mother substances a mucin is 
fonned which contains a cartwhydrate and a protein radical. 
When heated with acids the presence of both a carbohydrate and 
a protein can 1)C demonstrated (Buchanan and Hammer). These 
mucins may 1 h* produced by bacteria of the hay bacillus group, 
by butyric acid bacteria, staphylococci, and by Bacillus pyo- 
cyaneus. 

The gums and mucins produced by these bacteria are precipi- 
table by alcohol, and the precipitate easily redissolves in water. 
According to Buchanan and Hammer a gum is formed when the 
cell wall of the bacteria is composed of cellulose, and that a mucin 
is formed when the cell wall is an ectoplasm. 

Slimy milk may be the result of the formation of long chains 
or, as Buchanan and Hammer' assume, of extraordinarily intense 

* A list of the dime^producins organisms with descriptions and review 
of the literature can be found in the publication of Buciianan and Hamm^. 
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growth. In other cases slime is formed by the associate action of 
two tyiies either one of which alone would not jJroduce slime. 

Other Abnormal Conditions in Milk 

Bitter Milk.—A bitter taste develops sometimes in milk, and 
is caused in most cases by action of micro-organisms. It was 
fonnerly thought that some kinds of fodder, such as t urnips, raw 
potatoes, vetches, moldy hay and straw, were direct causes of 
bitter substances passing through the mammary glands into the 
milk. The idea was supported by the fact that a bitter taste is 
liable to occur when cows are pasturing, since some plants con¬ 
tain bitter principles. It is now l)elieved that foods act merely 
as carriers of micro-organisms which thus gain acceas to the milk. 
This is probably the true explanation, since fresh milk rarely has 
a bitter taste, although it may develop after the milk has been 
standing for several hours. The tiiste may lie noticeable after 
five to six hours and becomes intense after twelve to twenty-four 
hours. 

Perhaps the common cause of a bitter taste in milk is the pres¬ 
ence of peptones and albumoscs which are formed from the pro¬ 
teins in milk by bacterial action. Liquefying cocci are the most 
common agents, and in boiled milk the siK)re8 of meml)ors of the 
hay bacillus group pass into the vegetative forms and multiply. 
These digest the casein and produce a bitter taste. I’ndoubtedly, 
varieties of the proteus group which are eommonlj’ present in milk 
may digest the casein, with the production of a bitter tiiste. home 
of these peptonizing bacteria grow at relatively low temix*rature 
at which lactic acid bacteria grow but slowly, and the latter, 
therefore, do not inhibit the growth of digesting organisnas. 

. The presence of peptones in milk as a ri'sult of bacterial action 
has been held to lie the cause of digestive troubles, especially in 
the intestinal tract of infants. Fliigge in particular has advo¬ 
cated this hypothesis, and went so far as to claim that some of 
these spore-bearing bacteria produce violent poisons. Phis arf^- 
ment has been used frequently as an objection to heating milk 
for infant feeding. The evidence, howev'er, is not entirely con¬ 
clusive, and it is quite possible that peptones were, in reality, the 
substances causing the trouble. I lugRB argued that heating milk 
destroyed the vegetative foniis of bacteria, including, of course, 
the lactic acid bacteria, and that the surviving spores then would 
grow and produce poisons. Fliigge a theory found much favor 
among pediatricians for some time, but as it has not been con¬ 
firmed, so it has lost ground. 

Aside from bacteria that form protein decomposition products 
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there are some miero^rganisws that seem to be capable of pro¬ 
ducing peculiar bitter substances. Conn described a Micrococcus 
hctiH mnari and Harrison found in bitter milk a torula which iras 
named Torula amara. Members of the coli-aerogenes group may 
also produce [trotein decom/wsition products that impart to milk 
a bitter taste wJiicIi is usually accompanied by an odor remind- 
iuR one of stable air. 'rhe.se abnormal tastes develop when lactic 
acid bacteria arc absent or at least are so scarce that the acid 
produced is not sufficient to inhibit the growth of other micro¬ 
organisms. 

Sweet Curdling of Milk.—Milk sometimes curdles shortly 
after milking before a sufficient amount of acid is present to 
precipitate the casein. This is caused by bacteria forming a 
rennet emiyin, and occurs most freiiuently in cool wet summers or 
in winter. When milk curdles, without acid formation the curd 
ma.v lie smooth or broken up (cheesy curd). The formation of a 
curd may Ik; due to the hay bacillus group, in which case the curd 
IB smooth, or to (he acid-rennet micrococci, which produce a 
che^V curd. Butter is difficult bi make from sweet curdled milk. 

Soapy Milk.- A soapy taste in milk apfxiars occasionally, and 
such milk when shaken foams similarly to a soap solution. Bacil- 
UH saiKinuceus is usually the cause- of this abnormal condition, 
but the sub.s(ance produced is unknown. Weigniann reports 
am, her orgam.sm that is capable of producing a soapy milk, 
Bai tenuin saijolac icum. This is a small non-liquefying bacillus 
prof uciiig a slightly fluorescent pigment. Both types occur on 

^ transmitted to milk. 

Abnormal tastes and odors, pleasant or otherwise, caused by 
micro-orgamsms which should l,e mentioned are- ^ 

B JiumcoH strawlxury odor, produced by 

2. The butter flavor produced by Conn's 41 

4. Uihnis’ Bacterimn kirchneri, which produces a rancid odor. 

cauid bv’on "“T "^'i''* ‘ troubles that are 

by uniKual mimlK-rs of disturbing micro-organisms. The 

^n? ««n>Phng the milk from the dif- 

fiiriho thus to determine the source. It is then 

2 “ the herd, 

MiTak i tuumd or animals involved. The offending 
^ “"til the milk is normal. 

" dtsinfected, and at the collecting 

SSe ‘"“^t be treated 

likewise. Pressure steam, if applied long enough to thoroughly 
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heat the metal, will usually suffice, but the application of steam 
as usually practised is not always sufficient. Sometimes even 
pasteimzed milk may suffer from some extraordinary bacterial 
infection, as some bacteria are more heat resistant than others 
and may slip through the apparatus. Later they multiply and 
cause an abnormal appearance or taste in the milk. The pas¬ 
teurizer and other machinery may l)e filled with milk of lime, 
which is allowed to remain for several hours and is then washed 
out with hot water. 

Disinfection of stables may become neceasary because of the 
presence of obnoxious or infectious micro-organisms. The germi¬ 
cidal agent must, of cours(>, penetrate all crevices and opmiings, 
and proper preparation of the stable shoulil precede the actual 
application of the gennicide. All food, bedding, manure, and 
other material must l)e removed, -and the surfaces of walls, ceil¬ 
ing, mangers, stalls, floor, etc., scraped to free them from adher¬ 
ing or caked substances. Dust and cobwebs must Ix' swept away. 
In places where W(K)d has decayed it should Ix' replaced by sound 
material, becau.se such places offer special opportunity for germs 
to lodge. The removed wood should lx; burne<l to destroy the 
infectious material. Water-troughs and mangers require sfx'cial 
attention, as they are difficult to clean thoroughly. The barn¬ 
yard should lx* cleaned and covered with a layer of dry straw or 
other inflammable mafcrial, which is then burned. 

There are several efficient gennicides from which to choose 
for disinfecting stables. Compound solution of cresol (Liquor 
cresolis eompo.situs, U. S. P.) is a g(x)d disinfectant. It is com¬ 
posed of equal parts of cresol and linseed-oil-potash soap and is 
easily soluble in water. In each gallon of water 4 to 5 ounces of 
this compound should l)e dissolved. 

Mercuric chlorid is perhaps the most reliable stable disinfec¬ 
tant, but has the disadvantage of Ix’ing a violent poison, so that 
great care is necassary in handling it. After it has ton used the 
mangers and water-troughs must be washed with water to remove 
the poison. 

Chlorid of lime may be used in proportion of 6 ounces to 1 
gallon of water, but is objectionable Ixjcause of the (xlor and the 
uncertainty of strength of the commercial product. The same 
may be said about crude carbolic acid. 

Formaldehyd gas liberated by addition of potassium per¬ 
manganate is a powerful disinfectant of great penetrating power, 
but efficient only when the stable can be sealed nearly air-tight. 
Under ordinaiy conditions this is a difficult thing to accomplish. 

Cresol is also a good disinfectant, but dissolves in water witli 
considerable difficulty. A 2 per cent, solution of cresol in hot 
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water will answer the purpose when the solution is properly 
preparecl. 

The jiemiicidal solution must be sprinkJed on all surfaces of 
the staWc with considerable force in order to cause it to penetrate 
all cracks and cnn'ices. J’or a small stable a spraying pump 
attached to a pail containing the disinfectant may be used. When 
a larger stable is to Ix' disinfected a barrel sprayer is convenient. 

.After application of the disinfectant the walls and ce iling 
should lx- covered with lime whitewash or the lime may be mixed 
with the germicidal .solution. Pope gives the following recipe 
for such a mixture: “Slake 7i rounds of lime, using hot water if 
necessary t.o start action. Mix to a creamy consistency with 
water. Stir 1,5 fiuidounees of cre.sol (commercially known as 
liquid cariK)lic acid) at least 95 per cent, pure, and make up to 
5 gallons by adding wah'r. In case compound solution of cre.sol 
luiuor cresolis compositus) is used, add 30 fluidounces instead of 
lo, as m the case of eresol. Stir thoroughly. If to be applied 
thnmgh a spray nozzle, strain through a wire sieve. Stir thor¬ 
oughly when applying and kcsep covered when not in use ” 

Miss Evans descrilies a streptothrix which she found in 18 out 
of 21 8ami)l(>s of milk obtaiiusl from a herd of cows. 


Molds, kasts, and Torul® in Milk 
Molds, yeasts, and toruhr arc present in all milks. Toml® as 
Lm^’t^’the 

has lieen m I ^pocud Study of lactose-fermenting yeasts 

has lieen made by Hastings, who found veasts capable of produc¬ 
ing violent fermentation from lactose widely distributed in milk 
whey, n-nnet, and diee^. Torul* multiply slowly, aS in “ m- 
petitioii with lactic acid bacteria rarely cause serious trouble 

one^S IM ’ Probably the most common 

of IrElvH fermented, with production 

o carbon da xid, acids, and a small amount of alcohol A peculiar 
txlor resembling that of Limburger cheese deSps 

in mUk!''* ^ commonly found 

are^tiv^i!^"!3r^f ''' ‘"terest inasmuch as they 

milk beveraiwi* fermentations and aroma in fermented 

Sed for Th ““‘1 have been 

‘■baraeter according to the kinds of 
mm^r^ni^s that change the milk. While lactic acid bacteria 
and fextum, yea.sts produce characteristic flavor¬ 
ing substances m these fermented milks. In some beverages 
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alcohol in appreciable quantity is formed from the lactose by 
yeasts. 

Hunter recently isolated a lactose-fermenting yeast which 
seems to be the cause of the so-called “foamy cream.” Cream is 
not infrequently fermented, and the foam overflows, involving 
considerable loss. This yeast grows at relatively high tem¬ 
perature, which explains the fact that “foamy cream” is most 
prevalent in summer. 
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FERMENTED MILKS 

It biiK been shown in a previous chapter that under the influ¬ 
ence of various fermentations, caused by groups of micro-organ¬ 
isms, the nonnal condition of milk undergoes substantial altera¬ 
tion. Femiented milks that have been used as food for ages are 
the result of microbial activity and, according to the predominat¬ 
ing kinds of micro-organisms, the product varies in character. 
Fermented milks are used chiefly in Asia, the eastern parts of 
Euro|K! and in Egypt, but in western Europe and among uncivil¬ 
ized tribes in Africa they are by no means unknown. 

The use of fermented milks hits received material impetus of 
late years through the publications of Metchnikoff, who asserted 
and attempted to prove that auto-intoxication and premature 
senility are due, in part at lesist, to poisonous substances produced 
by putrefactive bacteria in the colon. This condition, Metch¬ 
nikoff thought, could be combated by habitual consumption of 
sour milk, the argument being that the acid produced by lactic 
acid bacteria would prevent growth of putrefactive bacteria by 
changing the chemical reaction of the digestive fluids in the ali¬ 
mentary canal from alkaline to acid. • Metchnikoff recommended 
a fermented milk produced by a mixed culture, consisting of Ba¬ 
cillus bulgaricus and Streptococcus lacticus, or, as Metchnikoff 
calls this organism, the paralactic bacillus. 

In his lKM)k, “The Prolongation of Life,” Metchnikoff develops 
the theory that the cause of auto-intoxication and premature 
senility lies in the fact (hat food remnants accumulate in the large 
intestine and are there decomposed by putrefactive bacteria. Tlie 
colon was evolved, so the author contends, to enable animals to 
control defecation, and that this faculty was especially useful 
when the animal was pursued by some enemy. This accumu¬ 
lated f(M)d is subjet^t to bacterial activity, and the cleavage prod¬ 
ucts of protein invade the system from the colon and cause auto¬ 
intoxication and premature senility. Metchnikoff illustrates his 
hypothesis by the statement that birds have no colon and no 
bladder, and are, therefore, compelled to defecate frequently. 
The ostrich is an exception to this rule. It lives on the ground 
and has more difficulty in escaping from an enemy than birds 
that are able to fly, and, therefore, has developed a colon. Birds 
are long lived, while terrestrial animals, as horses, cattle, sheep, etc., 
are relatively short lived, a circumstance ascribed by Metchnikoff 
to the fact tliat food remnants and waste products are held in the 
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large intestine for a considerable length of time, sometimes for 
several days, and are then subject to putrefactive decomposition 
by bacteria. According to the author’s theory, the protein cleav¬ 
age products enter the circulation and tend to abbreviate the 
lives of these animals. 

Herter also believes that premature senility is due, in part at 
least, to putrefactive products of anaerobes. Bacillus welchii is 
considered by this author as one of the chief offenders. He states 
further that the character of the food influences the intestinal 
flora both numerically and in kind. In the upper jiortion of the 
intestinal canal of infants fed on human milk the Bacillus bifidus 
of Tissier is prominent, and, as this organism which lK>longs to the 
group of lactobacilli produces a relatively l.arge amount of acid, 
other bacteria are largely suppressed. The intestinal flora of 
infants fed on cow’s milk is decisively different from that of those 
fed on human milk, as different types of l)acteria, including some 
anaerobes, are present in considerable n\m)l)ers. 

In the stomachs of adults relatively few bacteria exist because 
of the germicidal effect of the hydrochloric acid in the gastric 
juice. But farther down in the digestive tract the numt)er of 
bacteria increases, and in the colon they are pres(>nt in enormous 
numbers, the numl)er l)eing so great that, according to gome 
authors, 33 to 45 per cent, of the fecal discharges consist of living 
and dead bacteria. 

The bacterial flora in the intestines of birds is considerably 
smaller than that of terrestrial aninials, and it is to this condition 
that Metchnikoff ascrilies the greater longevity of birds as com¬ 
pared with terrestrial animals. In other words, the bacterial 
flora in the intestines of terrestrial animals produces powerful 
decomposition products from the food remaining in th(‘ colon. 
Birds, having no colon, discharge waste products frequently, and 
consequently have a small bacterial flora. The formation of 
protein decomposition products in birds is also relatively small 
because of frequent defecation and consequent lack of food for 
the bacteria. 

Conditions obtaining in the colon are eminently suitable for 
the growth of putrefactive bacteria, especially anaerol)e8. The 
oxygen which reaches the stomach with food is gradually absorbed 
not only by living organisms but al.so by food remnants, especially 
meat. Furthermore, the reaction of the contents of the lower 
intestine is alkaline and part of the food may not be properly 
digested, due, in a measure, to imperfect mastication. Therefore 
food, absence of oxygen, and suitable temperature combine to 
render the colon a favorable place for the growth of ana(irol)e8. 

Protein cleavage products, chiefly oxyacids, indol and phenol 
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derivatives, which are of a more or less injurious influence if they 
penetrate to the circulation, may be formed in the colon by anae- 
roljes and by bacteria of the Bacillus coli type. It is an open ques¬ 
tion, however, whether these injurious products are formed in 
suflicient quantity to induce auto-intoxication or other bodily 
ailments. AlthouRh exact scientific investigations in this field 
are still incomplete, it may Ix' assumed that injurious results occur 
chiefly when the system has been rendered susceptible by disease 
or some other cause, so that small quantities of poisonous prod¬ 
ucts have a deleterious effect. 

The question naturally presents itself whether the bacterial 
flora of the ititestinal tract can really be changed by sour milk 
food or by any other means, for that matter, and if so, is the change 
sufficiently permanent to Iw of lasting benefit? Work on this 
subject has Ireen carried on chiefly with milk prepared with cul¬ 
tures of the Bulgarian bacillus. Some authors claim to have es¬ 
tablished this organism in the intestinal tube and to have shown 
the presence of these bacilli in the fecal discharges. However, 
others have determined that they are normally present in the 
whole digestive tube, and that the mere finding of lactobacilli 
in the feces d(K!S not prove that they have l)een introduced with 
the milk. 

The sanguine statements of Metchnikoff and others that Ba¬ 
cillus bulgaricus can be implanted in the intestinal tract have 
not lieen generally confirmed. Lui-8S(>n and Kvihn, Herter and 
Kendall, llahc, and Hull and Itettger were unable to implant 
Bulgarian bacilli in the ititestines, although Herter and Kendall 
believe that the bacterial flora can be influenced by a substantial 
change of food which is accompanied by a reduction of protein 
and an incrtaise of carlwhydrate. Oehler fed mice and monkeys 
with Bulgarian sour milk for eight days and found Bulgarian ba¬ 
cilli in the intestinal tract during the feeding period, but they dis¬ 
appeared in two or three days. Belonovsky, after feeding mice 
for one and one-half months with milk cultures of Bulgarian bacilli 
added to sterilized grain and water, was able to detect the bacilli 
for fifteen days after the last fee<ling. 

(ohendy, after ingesting cultures of Bacillus bulgaricus, 
clainied to have observed a material reduction of intestinal putre¬ 
faction, and found the orpinism in the feces for several weeks 
after discontinuing ingestion. Herter experimented with dogs 
and was able to note increased putrefaction after feeding Bacillus 
coli and proteus, while feeding cultures of lactic acid bacteria 
seemed Ui reduce putrefaction. Tissier thought he had reduced 
putrefaction by the use of cultures of Kozai’s Bacillus acidi para- 
lactlci. 
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Heiter and Kendall established an acid reaction throughout 
the intestinal tract of a monkey by feeding an exclusive cUet of 
sour milk prepared with Bacillus bulgaricus, but failetl t« establish 
the organism in the ileocecal region, and even in the large intestine 
the bacilli were found only in small numbers. “Thus in the re¬ 
gion characterized by the most active putrefaction the lactic acid 
bacilli failed to establish themselves in relatively large numbers.” 
Even more conclusive are the experiments of Rahe, who failed 
utterly in acclimatizing Bulgarian bacilli in the lower human in- 
testine. 

Heinemann and Hefferan succeedeii in isolating lactobacilli 
from human feces and in demonstrating their presence through¬ 
out the digestive tube, including the mouth, the stomach, and 
the intestines. 

Wegele, after using Metchnikoff’s sour milk, came to the con¬ 
clusion that the production of hictic acid in xUUti nancendi in the 
digestive tube was of greater l)enefit than the ingestion of lactic 
acid in sour milk, and Wejnert thouglit he had markedly reduced 
the numirer of bacteria in feces tiy using lactobacilline milk, which 
contains Bacillus t)ulgaricus. Streptococcus lacticus, and a yt^t. 

The difficulty in securing reliable proof of such observations 
as have been mentioned leaves.us in doubt fis to the valiriity of 
the conclusions arrived at by itivestigators. It is hardly prol>- 
able that the introduction of lactic acid bacteria, no matter in 
what form, in the digestive tulx‘ would Ix' accomi)anied by the 
formation of a sufficient degret' of acidity to really inhibit the 
growth of anaerobes. If, however, this should occur, there would 
be also a decided inhibition of digestion, since the digestive fluids 
of the intestinal tract are of an alkaline reaction and require 
an alkaline reaction for normal work. The reaction would lx> 
changed to an acid reaction by the acid produced by tlie bacteria. 

Metchnikoff sUtes in his very interesting Ixx.k that during 
his travels in Bulgaria he foumi exceixlingly large numtxirs of 
centenarians, and ascrilies theii’ long lives to the extensive use 
of sour milk. The fermented milk hxxls of the Bulgarians and 
neighboring peoples, however, differ somewhat from the milk 
recommended by Metchnikoff. While the fermenteil milks of 
the natives of southeastern Europe contain a small amount of 
alcohol due to the presence of yeasts, Metchnikoff condemns this 
method of producing fermented milks and claims superiority of 
milks prepared by the use of lactic acid bacteria without y^ts. 
Perhaps the habits of the Bulgarians have some effect on fffolong- 
ing life, as they are a hardy race, habituated Ui a simple diet, 
and they spend much of their time in tlie open air. 

It has been claimed that ingestion of lactic acid bacteria is 
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followed by decidedly curative effects. Berthelot thought he 
had observed an antagonism tetween Bacillus bulgaricus and the 
meningococcus; Biernacki obtained good results in the treatment 
of enteritis, colitis, and constipation with Bulgarian bacilli; 
Horowitz found a reduction of glucose in the urine of diabetics 
and putrefaction was restrained. 

Admitting the correctness of these observations, although the 
conclusions drawn are sometimes based on a small number of 
eases, it should be rememtered that similar beneficial effects have 
resulted from a simple diet in which milk was prominent. Hull 
and Rettger have shown that a milk diet and even consumption 
of pure milk-sugar changed the intestinal flora in experimental 
animals so that lactobacilli liccame numerous. 

C/'ultures of Bacillus Imlgaricus have l)een used for the treat¬ 
ment of external conditions. Thus North studied 300 cases of 
pathologic conditions accompanied l>y pus formation, which were 
treated with such cultures with apparently l)eneficial results. 

However, in the present state of our knowledge, it would be 
premature to draw sweeping conclusions for or against the thera¬ 
peutic effect of Bulgarian bacilli C)r milk prepared with cultures 
of this organism. But the use of buttermilk or other fermented 
milk products should l)e cncoumge<l, l)ecause fermented milks 
are more easily digested tlnui sweet milk, and the fermentative 
process preserves the milk in a condition suitable for consumption. 

The popular mind is easily attractor! by anything that promises 
to prolong life. Manufacturers have taken advantage of this 
fact, and have placed on the market a number of preparations for 
making buttcnnilk at home. Buttermilk therapy has Ireen 
wirlely advertised through these preparations, although the claims 
made frequently are exaggerated, and some of the preparations 
do not give the moat desirable result. _ They are in tablet or cap¬ 
sule form; others arc liquid or are milk cultures, the milk having 
coagulated under the influence of the acid produced. Very 
palatable sour milk teverages can be prepared from some of these 
products. 

It is important, to use active cultures in order to obtain a good 
product. Liquid cultures when fresh are preferable to tablets or 
capsules, l)ecause they can be evenly distributed in the milk, but 
the viability of bacteria in liquid cultures decreases rapidly, more 
so than in tablets or capsules. Milk cultures are the most success¬ 
ful, since lactic acid bacteria, especially the group of lactobacilli, 
grow better and produce more acid in milk than in any other 
medium. 

Although the claims made in favor of the therapeutic value of 
fermented milks is exaggerated, there are some benefits that can 
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be expected to accrue from their consumption. The food value 
of fermented milks is nearl}' the same as that of sweet milk. The 
difference between the food value of sweet milk and fermented 
milk is a small reduction of lactose which is used by micro-oritan- 
isms in the formation of acids and gases, and as some fermented 
milks are made of partially or wholly skimmed milk, the amount 
of fat is diminished. Fermented milks have some advantages 
over sweet milk, except that in .some cases the acid is irritating to 
the mucous membranes. One advantage is common to all fer¬ 
mented milks, namely, the condition of the ciusein which is pre¬ 
cipitated and, therefore, partially digested. Furthermore, the 
presence of carbon dioxid gas in some fermented milks is stimu¬ 
lating and favors digestion. The use of fermented milk as hwd 
is, therefore, indicated in many cases of weak digestion. Metch- 
nikoff advises a reduction of protein in the diet when fermented 
milks are used, and it cannot l)c denied that the addition of an 
easily digested food, such as fermented milk, to the diet may be 
of considerable advantage if the amount of other f<K)d is reduced 
proportionately. But lieneficial effects can hardly l)e exijccted 
when the milk is added to the usual diet without modification. 

Buttermilk has also l)een used for infant feeding, and there is 
ground for the belief that it agrees in some cases when sweet 
milk cannot be tolerated. The presumption that the acidity in 
buttermilk is the cause of its digestibility luis not lx>en proved, 
however, but the reduced amount of fat alone would render it 
beneficial in some cases, and possibly skimmed milk would lx* as 
readily digested as buttermilk. Furthermore, m stated liefore, 
the casein is in more digestible form in buttermilk than in sweet 
milk, and this may lie an explanation of the success that has W’m^ 
times followed the substitution of buttermilk for sweet milk m 

infant feeding. , * 1 , * 

There are two classes of fermented milks, namely, those that 
have imdergone acid fermentation only, and those thtrt have lwen 
subjected to acid and alcoholic fermentations. In both cla«^ 
there are other properties that lend a ixjculiar character to the 
fermented milk. These differences depend upim the kinds of 
micro-organisms that are active. Aroma is produced ye^ts, 
in some fermented milks the protein is partly diges^ by micro¬ 
bial activity: some fermented milks are viscous; and the amount 
of alcohol and carbon dioxid developed vanes in different milks 
according to the kinds of yeasts present and the method of pre¬ 
paring the product. 
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Buttermilk 

Buttermilk is the chief representative of the first class of 
fermented milks. OriRinally buttermilk means the sour skimmed 
milk left in the churn after butter has l)een removed. Usually 
cream is allowed to sour and is churned when the acidity has 
reached aliout 0.0 per cent. The buttermilk contains a liigher 
percentage of acid than the cream from which it is made, since 
its volume is re<iuced by the removal of the fat, while the actual 
amount of acid remains practically the same and is present, there¬ 
fore, in greater concentration in the buttermilk than in the sour 
cream. It is not uncommon W dilute the sour cream liefore churn¬ 
ing, !i8 this faiulitates the separation of fat. The buttermilk, 
therefore, does not contain the same percentage of plasma solids 
as the cream. The amount of fat in buttennilk from the churn 
is alK)Ut 1 ptir cent. 

(knnmercial buttermilk is now largely made from skimmed 
milk after inoculation with a starter, and is sometimes called 
“rifiened milk.” Since the introduction of the cream separator 
a highly concentrated cream can l)e obtained and the quantity 
of buttermilk is relatively small. The skimmed milk as it leaves 
the separator contains about 0.1 per («nt. fat or les-s, and is in¬ 
oculated with a starter consi.sting of a culture of Streptococcus 
lacticus. After lopfxsring, the milk is churned and sold as butter¬ 
milk. 

Buttennilk is churned sour milk from which the greater part 
of the fat has bean rcinove<l. The churn buttennilk is richer 
in fat than the artificial prochict, but the latter contains the full 
amount of protein, milk-sugar, and mineral matter because un¬ 
diluted, and Ls, therefore, a more nutritious product than butter¬ 
milk made from diluted crejim. The amount of acid in commer¬ 
cial buttennilk is from 0.7 to 0.9 per cent. In freshly churned 
buttennilk the casein is evenly suspended, but as it stands the 
coagulated flakes gradually settle and the palatability of the but¬ 
termilk suffers. 

The composition of buttermilk made from sour cream, sweet 
cream, milk, and separated milk is given on page 74. 

A good sulistitute for commercial buttermilk can be made by 
allowing sweet milk to lopper and then beating it until smooth. 
If whole milk is used the aroma of the product is superior to that 
of commercial buttermilk because the fat is not removed. After 
• pasteurization milk does not sour as readily as raw milk, and for 
making buttermilk pasteurized milk should be inoculated with a 
commercial starter or with a small amount of a previous lot. It is 
always advisable to use pasteurized milk for preparing butter- 
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milk to avoid possible infection, although the high acidity has a 
pronounced germicidal effect and is, therefore, destructive to path- 
ogenic bacteria. 

Sour milk starters can easily te preserved, as shown by the 
writer, by desiccating a small amount of coagulated milk and pre¬ 
serving this in the dry state. This dry lopfiered milk keeps its 
efficiency for several weeks, and jis it contains large numliers of 
streptococcus lacticus will quickly start an acid fermentation when 
inoculateil into sweet milk. By pasteurization of sweet milk 
before inoculation with a starter the majority of undesirable bac¬ 
teria is destroyed, and those that remain are readily overgrowm 
by Streptococcus lacticus. Past<‘urization, therefore, serves two 
purposes: it insuri's a good aixjma of the jiroduct and renders it 
safe from pathogenic bacteria. 

Lactic acid, like many other acids, has considerable germicidal 
power when in sufficient conci'iitration. Statements appt*ar in 
the literature that lactic acid bacteria destroy j)athogenic bac¬ 
teria in milk, but this undoubtedly refers to the germicidal effect 
of the acids produced by the lactic acid bacteria. Work published 
by Barthel, Bassiuige, and Behla in regard to the gennicidal effect 
of acid ill butU'rmilk has led to contradictory results, while the 
work of Northrup has shown definitely that typhoid bwilli are 
destroyed by 0.33 jier cent, lactic acid when this acid is producwl 
by Streptococcus lacticus (Bacterium lactis acidi). When, how¬ 
ever, according to this author, the ayid is produced by Bacillus 
bulgaricus the surprising oliservation was made that it required 
nearly twice as much acid for the same destructive effect U|X)n 
typhoid bacilli. Kruniwiede and Noble, studying the longevity of 
typhoid bacilli in sour cream, have reached the conclusion that 
the bacilli are gradually de.stroyed in sour cream by the acids 
produced, and that the rate of destruction is proportionate to the 
degree of acidity and the numlier of bacilli present. These au¬ 
thors have stated further that with a moderate contamination 
the typhoid bacilli are killed in about four days; with heavy 
contamination or when initial multiplication ksik place a longer 
time is required. Attention is also calletl to the difficulty of de¬ 
termining by present bacteriologic methods whether all typhoid 
bacilli really are destroyed, liecause other bacteria grow rapidly 
in milk and are liable to oliscure the presence of typhoid bacilli. 
From this work it would appear that a cream proiluced under 
sanitary conditions and which sours slowly would lie more dan¬ 
gerous, if infected with typhoid bacilli, than an ordinary cream 
which sours rapidly. 

In an extensive study of the gennicidal action of lactic acid 
in milk the writer tested its effect by adding definite quantities 



400 


MILK 


of lactic acid to sterilized milk and then inoculating this milk 
with pure cultures of various types of bacteria. It was shown that 
8<’)nie acid-tolerant cells of Bacillus coli could survive 0.6 per cent, 
lactic acid, although the great majority of cells were destroyed. 
Bacillus dysenteria?, B. typhosus, B. diphtherise, B. paratyphosus 
B, and Spirillum clwjlcrai were destroyed by the presence of 0.45 
per cent, lactic !u;id. However, there may be rare strains of 
these bacteria that might survive this amount of acid. Since 
buttermilk contains 0.7 to 0.9 per cent, acid, it is probable that 
pathogenic bacteria are destroyed, and it may be assumed that 
buttermilk is usiudiy free from infection, even when prepared 
from infected sw('et milk. Similar results were obtained by 
Penelope Marsh in 1918. 

TXTTk Melk, Tattemjolk, or Kjernemelk 

Tattti melk, tattemjolk, or kjernemelk is a milk food pre¬ 
pared in Norway and Sweden. It is a thick, viscous milk of 
slightly cheesy tiuste and odor, and is eaten with a spoon. The 
fermentation is started by adding to milk leaves of Pinguieula 
vulgaris or a variety of Dro.sera, plants that grow abundantly in 
these countries. A small amount of a previously finished product 
is also used as starter, and sometimes pieces of linen are dipped 
into the fermented milk which, after drying, will keep their fer¬ 
mentative pro[x;rty for a long time and which are used if the 
starter is .sent by mail. The teiniierature most suitable for the 
fermentation is lx)dy teinpernturc. 

Troili-Peterson descril)ed but one organism as the active 
agent in tilttemjdlk. This organism is a streptococcus and is 
named by the authoress B.acteriiim lactis longi (the bacterium of 
“long" milk). It resembles Bact. lactis acidi (Streptococcus 
lacticus), but forms less acid and produces a slimy consistency in 
milk. Troili-Peterson states that she was unable to produce 
normal tiittemjdlk in all trials with leaves from the plants men¬ 
tioned. Alcoholic fermentation is insignificant because the tem¬ 
perature of ripening is too high. 

There are three organisms in this milk that are responsible 
for the fermentation, according to an investigation made by the 
writer. A lactic streptococcus that differs from Streptococcus 
factious by coagulating milk slowly and producing a stringy sulv 
stance is probably the most important organism, and no doubt 
the same one that Troili-Peterson has described. A yeast of the 
morphology of Saccharomyces cerevisisB is present and produces 
the aroma. In pure culture the yeast ferments lactose and sac¬ 
charose with violent gas formafion, while from levulose gas is 
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formed slowly, and from maltose not at all. In heerwort the yeast 
produced a somewhat slimy consistency. Owinn to the high 
temperature of fermentation the yeast probably (trows reluctantly 
in tatt6 melk, so that its products are present only in small quan¬ 
tity. Oidium lactis is also found in this fermented milk and 
probably causes the cheesy taste and odor. 

Different types of other micro-oqtanisms are usually found in 
tatt^ melk, but these have no tearing on the normal fermentation 
and are of the kind usually found in milk. A lactobacillus can 
also te found, but in relatively small numters. The acidity of 
the finishe<l product is mild, and this fact shows that lactobacilli 
grow but slowly, if at all. It is, however, not surprising to find 
a memter of the group of lactobacilli in tiitt^ melk, since they 
are universally present in cow’s milk. 

A fermented milk of similar properties is prei)ared in the 
Bretagne and is known as “(iros Lait.” 

Ferme.ntei) Milks of Pre-eminently .\cii) Ferment.\tion 

The (leople inhabiting the ('aucasus Mountains, Bulgaria, 
Turkey, Eg>’l)t, Sardinia, Sicily, Annenia, Serbia, and Monte¬ 
negro consider fermented milk a very iiiifwirtaiit part of the daily 
diet. Visitois .are served with these milks, and some of the in¬ 
habitants regard them with the reverence due divine gifts. The 
milks of tlifferent tribes vary somewhat, but have much in com¬ 
mon. The fresh milk is boiled usually over a slow fire, some¬ 
times for a short time, sometimes long enough to reiiuce its vol¬ 
ume materially. With the reduction of volume the (Kwentage 
of solids is proportionately increased, and the taste, therefore, 
differs materially from that of other fermented milks. After 
boiling the milk is cooled to 45° to 50° ('., the temiierature teing 
judged by dipping the fingers into the milk. A small amount of 
a previously prepared milk is added as a starter and the mixture 
then incubated for several hours. The temperature is maintained 
by wrapping and covering the vessels with woolen cloths. 

Considerable work by eminent investigators has lieen carried 
on to determine the active agents in these milks. The results 
of this work show that there ap* always three types of organisms 
present, and these are required to produce the normal product. 

The most important organism is a lactobacillus, variously 
called Bacillus bulgaricus, Btreptobacillus letenis. Bacterium cau- 
casicum, etc. The relatively high temperature of incubation fa¬ 
vors the growth of this organism, and the final product, has in laqie 
measure the appearance, taste, and texture which is character¬ 
istic of its activity in milk. All these fermented milks, when ripe, 
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are either thickly fluid or of jelly-like consistency, the firmness of 
which varies with the customs of the different peoples in treating 
the milk. The acidity is relatively high. 

The second organism is Streptococcus lacticus, whose function 
is the initiating of the souring process. The third organism is a 
saccharoinyces, which produces aroma and a very slight, almost 
negligible alcoholic fermentation, the high temperature of incuba¬ 
tion restraining the growth of yeasts. By inoculating sweet boiled 
milk with pure cultures of these three micro-organisms the proper 
fennentation takes place and the product is normal. 

In addition, however, other micro-organisms are invariably 
found in these fermented milks, and their presence has been the 
cause of some confusion in scientific investigations inasmuch as 
their functions have i)een sometimes misunderstood. As a mat¬ 
ter of fact, these organisms are contaminations and sometimes 
perhaps spore-forming bacteria that .survive the boiling process. 
Owing to Metchnikoff’s propaganda, yoghurt, the fermented milk 
of the Bulgarians, has l)een made very prominent. It does not, 
however, differ materially from milk foods used by other nations, 
except in the fact that it is made from milk evaporated to one- 
half or one-third the original volume. The universal occurrence 
of lactobacilli, streptococci, and yeasts in milk has made it pos¬ 
sible for different peoples to evolve fermented milks indejxsndently, 
with the result that the products resemble each other in large 
measure. 

The quality of the milk used for preparing fermented bever¬ 
ages and foods, of superior quality is considered of great impor¬ 
tance by the natives, but it is not likely that the milk is responsible 
for failures as much as bacterial contamination. 

Yoghurt, joghurt, yaoert, yahourt, jaurt, jugurt, and kiss^lo 
m^lko are names for the fermented milks of the Bulgarians, Greeks, 
Turks, and inhabitants of the Balkan Mountains. Yoghurt is 
prepared from buffalo’s, goat’s, or cow’s milk in the following man¬ 
ner; Milk is Iwiled in clean earthenware vessels over a slow fire 
until the volume is reduced by one-quarter, one-half, or even more. 
It is then cooled to between 45“ to 50“ C. and a small amount of 
a previous lot added. This ferment is called “maya,” “podk- 
wassa,” or “sakvaska.” The ferment is mixed with the milk 
and the vessel containing the mixture wrapped in skins and cloths 
to maintain a uniform temperature. After ten to twelve hours 
the milk is ready for consumption. 

If the fermentation is not disturbed the product is of jelly-like 
consistency, has a sweet taste and agreeable odor. The sweet¬ 
ness is intense in proportion to the degree of inspissation, and 
acidity is about 0.8 to 0.9 per cent. The cooked taste whidi is 
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prominent in boiled milk is barely noticeable, being covered up by 
the acid. 

If the milk is frequently shaken during the ripening period it 
remains thickly fluid and is used as a beverage. 

The Bulgarian milk prepared and sold in this country is some- 
wluit different from the original. The milk is not evaporated, but 
inoculated, after boiling and cooling to 105' to 110° F., with a 
commercial ferment, of which several are purchasable. The pecu¬ 
liar aroma produced by the Bulgarian bacillus and the sn»ooth 
consistency of this milk render it particularly palatable. 

Yoghurt may contain a small amount of alcohol, and the casein 
is slightly digested after the yoghurt has been kept for some time. 
It is customary to keep the ripened |)roiluct in a cool place if it 
is not intende<l for immediate consumption, as low temperature 
prevenl.s further fermentation. 

Similar to yoghurt is the fermented milk Iel>en, lel>en ralb, or 
Inban of the Egyptians. It is prepared from buffalo’s, goat’s, or 
<ow's milk. A small amount of the ripe product, “roba,” is 
mixed with Ixiiled milk, and the mixture incubated for six hours 
at 45° to 50° {'. 

The finished product resembles yoghurt, but is of somewhat 
coarser texture. There is likewise a weak alcoholic fennentation 
which is held in check by the high tenqwrature of incubation. 

('lorini gives an account of a fermented milk, “skorup,” used 
in Serbia and Montenegro, which is similar to yoghurt, and leben, 
but, instead of whole milk, creiun or lx)iled milk is used. Ilipe 
skorup is of creamy consistency, has an agreeable sour taste and 
odor, and is fretjuently eaten after addition of jwtato or some 
other food. A small amount of salt is usually addfxl. The author 
isolated a lactobacillus, Streptococcus lacticus, and a yeast from 
skorup, and found that the acidity varies from 1.9 to 2.23 per 
cent. 

\’ery similar in consistency, taste, and method of preparation 
is “gioddu” or “cieddu,” a fermented milk used in Hardinia, and 
“mazzoradu,” used in Sicily. In India "dadhi” is prepared, which 
also belongs to this class of fermented milks. In the Balkan 
Mountains a similar milk, “urgoutnik,” is prepared from sheep’s 
milk. 

In Armenia a milk bever^ is prepared that, according to 
some authors, occupies a place between yoghurt and the fer¬ 
mented milks, in which alcoholic fermentation is more important 
than add fermentation. It is prepared from buffalo’s, sheep’s, 
goat’s, or cow’s milk, and is known as “mazun” or "matzoon.” 
Milk is boiled and cooled to body temperature. Some old mazun 
is mixed with milk or water and added to the boiled milk. The 
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vessel containing the mixture is wrapped in cloth to maintain the 
proper temperature and kept in this condition for twelve to eigh¬ 
teen hours, when the product is ready for use. 

Mazun is a solid coagulum of characteristic taste and odor. 
It is eaten or diluted with water for a teverage. The coagulum 
may l>e pressed, and then is known as “tan” or “than”; or it is 
mixed with flour and dried in the air. The product is “tschorar 
tan,” which is prepared for consumption with spinach and rice 
and flavored with pei)f)erniint. A favorite solid food is thus 
furnishetl. 

Mazun is rich in lactobacilli which were isolated by Duggeli 
and by Weigmann, (iriiter, and Hues. These authors named 
the lactobacillus Bacterium mazun. A yeast, streptococcus, 
and oidium were isolated by the last-named authors from mazun. 
Also a spore-l wiring bacillus was present which digests casein, 
with the production of a cheesy odor. 

Feemented Milks with Pre-eminently Alcoholic 
Fermentation 

Distinctly different from the fermented milks described above 
are “kefir” and “kumiss.” Both are the result of a pronounced 
alcoholic fermentation which is favored by a relatively low tem¬ 
perature of incubation, so that the acid fermentation proceeds 
but slowly. The organisms neceasary for the production of these 
two leverages are not fully determined, but there is probably a 
streptococcus active in producing acid and a yeast which is cap¬ 
able of fermenting milk-sugar with alcohol anil gas formation. 

Rogers suggests that similar beverages can lie jirepared by 
inoculating ordinary buttermilk with an alcohol and carlxin 
dioxid, producing yeast, and adding cane-sugar to buttermilk, 
since lactose-fermenting yeasts are relatively uncommon. 

Kefir, keffir, kephir, kifyr, kiafyr, kephor, t>r kyppe, meaning 
"best beverage,” is a fermented milk prepaml by the inhabitants 
of the t'aucasus Mountains from ship’s, goat’s, or cow’s milk. 
It contains alcohol, carlxm dioxid, and lactic acid as products of 
decomposition of the milk-sugar, and also small quantities of glyc¬ 
erin aiid succinic, acetic, and butyric acids. The casein and 
albumin are slightly peptonized. The fennentation is started by 
kefir grains which, according to some legends, were gifts of the 
gods, or, according to others, grew on bushes. These grains form 
masses of various size, and each mass is composed of grains which 
vary from the size of a millet seed to that of a hazelnut. The 
color of the grains is golden to dark yellow. When dry they can 
be preserved for a long time without losing viability (Fig. 182). 
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For the preparation of kefir the grains are soaked in lukewarm 
milk for two to three hours. The milk is then poured off and tl>e 
grains covered again with fresh milk, which process is repeated 
four to five times. When the grains have swollen, sometimes to 
100 times the original size, they rise to the surface, are skimmed 
off, and added to freshly Iwiled milk. The milk is ripenetl at a 
temperature of 14° to 18° C. for eight to twelve hours. The 
product of this fermentation, “sakwaska,” is piisstal through a 
sieve or cloth, the grains are recovered, dried in the air, and 
^ I)reserved for future use. The milk is plwed in Uutles for a sec¬ 
ondary fermentation at 12° to 15° C., and us tliis second fermenta¬ 
tion proceeds the milk l>ecomes rich in idwhol and carbon dioxid, 
and is usually consumed within three days. 

The fermentation is sometimes carried on in large containers 
made of skin, and these are hung near a door so that passers-by 



Fig. 1R2—Masses of kefir grains- a, h, r, Dry grains; </, r, /, swollen grains, 
(Weigmunn.) 

can agitate them by kicking, or children, by playing with them. 
At the end of the rifiening period a small portion of the skin bottle 
is lied off with a cord and the bulk emptied out for use. ■ The large 
part of the bottle is filled again with freshly Ixnled milk, the 
portion that was tied off rclea.sed, and thus the fermentation 
renewed. 

Kefir is also made by adding 1 part of ripe kefir to 3 to 4 parts 
of milk and allowing the mixture to ferment for forty-eight hours, 
with occasional shaking. 

Kefir is a thickly fluid, creamy, effervescent, alcoholic bever¬ 
age. On standing, the casein settles, but shaking renders the 
fluid homogeneous. There is little or no digestion of the casein 
in fresh kefir, but in old kefir the casein may be partly dissolved. 

It is customary to use milk that is not very rich in fat for mak¬ 
ing kefir, otherwise a rancid taste is liable to develop. 

The following analyses of kefir are given in Richmond’s Dairy 
Chemistry: 
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COMPOSITION OF KEFIR 



Ko&ig. 

Hammanteo. 

1 

1 


Per ooit. 

Per cent. 

PeroeDt. 

Wster 

. 91 21 

88.916 

90.09 

AleofaoJ 

0 76 

0.720 

0.94 

LaetM aetd 

1 02 

0 727 

0.44 

Fal 

1 44 

3.088 

1.82 


2 41 

2 685 

1 87 

C’lMUI 

2 83 

2 904 

2 90 


0 36 

0 189 

0 07 

Pn*t«n(M» 

0 30 

0 097 

0 46 


0 98 

0 708 



llogers Kives a method for preparing kefir without kefir grains, 
as they are difficult to obtain in this country. Buttermilk is 
prepared in such a manner as to have the curd thoroughly broken 
up in order to obtain a smooth product, (’ane-sugar is dissolved 
in the buttermilk, the quantity to be used l)eing governed by the 
extent of the alcoholic fermentation desired. Ordinarily 1 to 
1J teaH|K)onfuls to 1 pint of buttermilk are sufficient. The yeast 
is prepared by adding I teaspoonful {)f sugar to 6 to 8 ounces of 
Ijoiled and cooled water, and to this solution one yeast cake is 
added. This yeast culture is allowed to stand over night before 
using. 

One teasp<H)nful of the yeast culture is added to a quart of 
buttermilk and the mixture placed in strong twttles such as are 
used for carlK)nated teverages, as ginger ale bottles, for example. 
These bottles are kept at a temperature of 18° to 21° C. and are 
shaken frequently while the fermentation is proceeding. The 
kefir can be used on the third or fourth day. The finished product 
should l)e smooth and creamy, effervesce rapidly when poured 
from the bottle, and taste of buttermilk with adclition of carbon 
dioxid gas and a small amount of alcohol. This artificial kefir 
will keep a week or longer if placed on ice. 

Kefir contains lactobacilli, streptococci, yeasts, oidium, and 
other mi<To-organisms which have no significance. The iacto- 
bacilli are not of importance, .since they multiply slowly at the 
temperature required for alcoholic fermentation. Kefir, there¬ 
fore, has a relatively low acidity. 

Kumiss, koumiss, chumis, chemius, kumys, khoiimese, also 
called “milkwine,” originated in the steppes or treeless plains of 
south Ru^ia and Asia, particularly in Siberia. The nomadic 
tribes of Kirgiz, the Kalmucks, Tartars, and Scythians consider 
mare s milk the only suitable kind of milk for making kumiss. 
They obtain the niilk from a hardy race of mares which furnish a 
large amount of it, but sometimes it is made from the milk of 
camels or jennets. Kumiss is prepared bv adding old kumiss to 
boUed mare’s milk in the proportion of 1 to 10 and then keeping 
toe mixture at a temperature of 20° to 23° C. for sixteen to twenty 
hours. The dr>' sediment of kumiss or sour milk may also be used 
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as starter. The normal product is obtained after several lots 
have been fermented from the same starter. 

If the starter is lost, kumiss can te made in this manner: 
Beer yeast, wheat flour, honey, and milk are mixed, and this mix¬ 
ture allowed to ferment. The fennentinR mass is plami in a liag 
and this is hung in boiled milk, which is then stirred frequently 
during the fermentation period. 

The natives are said to lie able to start kumiss with ferment¬ 
ing or decaying matter, decomposer! eggs, u piece of meat or ten¬ 
don, blood, glue, and similar material. Even old copper covered 
with verdigris is said to u-sed for a starter. 

From kumiss the Kalmucks distil a bnindy-like alcoholic 
Average known as “araka,” “rack,” “racky," or “ojran," which 
contains 7 to 8 per cent, of alcr)hol. 

Mare’s milk is particularly suital>lc for making kumiss la'cause 
it has a low protein and high sugar content, and alcoholic fermen¬ 
tation is thereby favored. Richmond in his Dairy (’hemistry 
gives the following atialy.sis of marc's milk: 

COMPOSITION OF M.OIE'S MILK 

K*t JSttfur fVolwn Aah. 

Per cent. 90 06 t 09 6 65 t H9 0 31 

Yeasts and streptococci are the chief agents, the former to 
carry on the alcoholic fermentation, and the latter to form a mild 
acidity. A lieverage similar to kunii.ss is made in Switzerland 
from skimmed milk by addition of yeast and cane-sugar. 

Kumiss has the highest alcohol content of the known kinds of 
fermented milks. I'he following analyses aie given in Richmond's 
Dairy Chemist rv: 

COMINISITION 01 KIMISS aiKTHi 



(hM> day old 

Kiidit days' old 

Twenty 4*0 daya' 


iVr mil 

Per mit 

old Per cent. 

Water 

91 4:t 

92 12 

92 07 

Aio^(4 

2 67 

2 93 

2 98 

Lactic and 

0 77 

1 OK 

1 27 


1 &*{ 

0 60 

0 23 

Caaein 

0 77 

0 85 

0 H3 

Albums 

0 2S 

0 27 

0 24 

Prateoaa 

0 (M 

0 78 

0 77 

Fat 

1 16 

1 12 

1 30 

Aah 

0 35 

0 35 

0 35 


The analyses show that the milk-sugar is largely broken dow'n 
into alcohol and lactic acid, while carbon dioxid and prolrably 
some other by-products are also present. In addition to casein 
and albumin some proteoses appear, indicating a slight proteo¬ 
lysis. 

In this country under the name of kumiss or milk champa^tne 
a beverage is offered for sale which is made from cow’s milk, is 
highly effervescent, and has a considerable alcohol content. 
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Grotenfelt mentions "omeira,” a fermented milk of the Nama 
Hottentots in South Africa, and “taryk,” a milk prepared by 
shepherds in Tibet, by adding sour milk to boiled milk. Studies 
of these milks are not available. 

While the fermented milks descrited have been studied and 
are the be.st known, there is no question but that many other kinds 
exist. It is well known that savage trilies consume fermented 
milks and also use it for preserving meats, since the acid content 
prevents decomposition. Fermented milk is merely preserved 
milk, or, in other words, a perishable food converted by the action 
of mi(To-()rganisms into a more stable product which contains 
practically the same food value as the original sweet milk. 
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THE BACTERIOLOGIC EXAMINATION OF MILK 

Physical and chemical examinations of milk give information 
about Its richness and food value and the presence of preserva¬ 
tives or adulterations. The commonest adulterant- water-may 
leave the milk as wholesome as the natural product unless the 
water is contaminated with disease serins, hut the consumer is 
paying for more than he is receiving. Chemical and physical 
tests, therefore, are commercially neceasary to protect the con¬ 
sumer, but give no in.sight into the sanitary'condition of the milk. 
Bacteriologic examination is designed to determine the quality of 
milk in relation to health. 

Bacterial examination is maile for two purposes, namelv*, to 
estimate the degiw ()f cleanline.ss surrounding the production and 
handling of the milk, .and to detect the presence of infectious 
inicrcMirganisms. The degree of cleanline,ss cun lx* determined 
within limits by simple enumeration of bacteria. The total count 
gives valuable information about the conditions at the dairy, the 
care practised during milking ojierations, and the temperature 
maintained during transportation. The count of bacteria, there¬ 
fore, is of immense value to the health officer. 

The interpretation of bacterial nundx-rs in milk is not as simple 
a matter as might appt*ar at first glance. The bacteria count 
should lx* considered one of several tests, the results of which 
give information as to the quality of the milk. Knowledge of 
conditions surrounding the journey of milk from producer to con¬ 
sumer should accompany and influence the final judgment. Milk 
may have been produced wdth much cart* and the initial number of 
bacteria may lx; .small. But, if the milk is not promptly ctioled 
and kept cool up to the time of tlelivery to the consumer, bacteria 
will multiply and the final product will give high counts. Further¬ 
more, the sources of bacterial pollution are numerous, and mere 
counts (dve only a limited insight into the exact source of con¬ 
tamination. If large numlx-rs of bacteria enter the milk at the 
point of production, lack of care or cleanliness at one or several 
points is indicated. The cows may lx* dirty; the stable air may 
be rich in dust; the pails, cans, and other utensils may not have 
been properly washed and steamed. It is not possible to deter- 
imne, by merely enumerating bacteria, which part of the produc¬ 
tion or handling is at fault. The producer may do everything 
to the best of his knowledge. The only way to find the exact 
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cause of trouble is to test the milk at all stages of handling, a time- 
consuming and expensive process. It follows that any single test 
is inadequate to afford proper control of milk-supplies. High 
numbers of bacteria indicate that something is not as it ought 
to l)e, and it is then the duty of the dairy inspector to follow 
the trail and find the true cause of pollution. After locating the 
source of the trouble the inspector should inform the producer 
or dealer and suggest means for improvement. Repeated bac¬ 
terial tests will then show whether the trouble has l)een success¬ 
fully dealt with. Large initial numbers mean that through care¬ 
lessness or ignorance dirt—chiefly cow manure—has entered the 
milk, a matter which is not a pleasant consideration, to say the 
least. If, however, large numl)ers of bacteria are due to multi¬ 
plication during transportation the matter .stands out in a dif¬ 
ferent light. It is known that lactic acid bacteria, as a rule, 
multiply in milk with greater rapidity than other bacteria. Con¬ 
sequently, large mimlx'rs due to faulty temperature conditions 
during transportation mean that the milk contains large numbers 
of harmless lactic acid bacteria and not necessarily dirt. If 
multiplication of lactic acid bacderia is permitted to continue until 
several hundred million are preisent, a product is formed which is 
distinguished from buttermilk only by the larger amount of fat 
present. And buttermilk, in ajiite of many millions of bacteria, 
is not considered eitlier dirty or hannful. In this case, however, 
the great majority of bacteria is of a known type, known to lie 
harmless, and not a mixture of many types among which there 
might l)e pathogenic bacteria. Therefore a separate enumeration 
of lactic acid bacteria is of distinct value. However, it should 
l)e i-ememl)ered in this connection that if the temperature during 
transportation is high pathogenic bacteria may multiply to some 
extent along with lactic acid bacteria, and the danger is propor¬ 
tionately increased. Pathogenic bacteria are restrained or de¬ 
stroyed only when the acidity is so high that the milk has a de¬ 
cidedly sour taste, and in this condition milk is not marketable. 
The consumer wants and pays for sweet fresh milk, not for milk 
that is femiented and that may contain injurious micro-organ¬ 
isms. 

More imiwrtant for a sanitary survey of a milk-supply than 
cleanliness of the product is the possibility of its carrying infec¬ 
tion. At the present stage of our knowledge it is a difficult task 
to isolate pathogenic bacteria from milk, because some do not 
multiply in milk, and if it is kept cold practically none do. How¬ 
ever, they may remain alive long enough to possibly cause infec¬ 
tion, while other bacteria actually multiply. 

A furtiier difficulty in finding infectiousne^ in milk is the fact 
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that initial contamination with pathogenic bacteria b, as a rule, 
relatively small, so that, after the milk has been suitably diluted 
for making the bacteria count, pathc^nic bacteria are so scarce 
that they are almost universally overlooked. For these reasons 
attempts to isolate disease germs from milk are rarely made by 
bacteriologists, although, if a rapid method of isolation were 
known, it would be of distinct value, as milk-borne epidemics 
could be more promptly terminated. 

It is true that after an epidemic has broken out we have 
more rapid means than the determination of types of bacteria to 
find whether a milk-supply is guilty. The evidcnre obtainable 
by these means is usually very convincing, and the finding of a 
specific disea.se genu rarely adds materially to the evidence. 
Therefore, at the presemt state of bacteriologic technic evidenw 
of the infectiousness of milk is circumstantial and deix'nds upon 
the fact that the epidemic follows in the wake of a certain supply, 
and that when the incriminated supply is removed from the 
market the epidemic terminates. 

When extraordinarily large nuinl)ers of bacteria are present in 
milk and a great variety n'presented, it is frequently arguc<l that 
the same carelessne.s,s or ignorance which iKrtnits the admission 
of many micro-organisms may be the cause of the entrance of 
pathogenic varieties. This is the chief reason for the establish¬ 
ment of bacterial standards; but are standards really of as great 
value as some sanitarians have a.ssumed? Jordan says, “The 
number.s of bacteria in milk have little meaning unless the sani¬ 
tary history of the milk is known.” In other words, the keynote 
of the production of sanitary milk is to l)e found in ins)x*ction of 
the health of the cows; the health of employer's; the cleaidiness in 
the care of the milk in all stages, and a suitable temperature dur¬ 
ing transportation. If is true that the inspector has no lietter 
guide for his work than the bacterial examination which should 
extend beyond market milk to the product in earlier stages. But 
it is obvious that milk with large numlrers of harmless bacteria 
has little influence on health, while one with a small number of 
pathogenic germs is injurious. 

However, if the producer is taught to furnish a milk with low 
bacterial content there is a distinct moral gain. The greater the 
care and intelligence exercised in milk production, the smaller, 
probably, are the chances of infectious material entering. This 
has been abundantly shown by the influence certified milk has 
exerted on milk production in general. 

Some dealers have gained much credit in public opinion by 
advertising their milk as teing of low bacterial content. From 
an esthetic viewpoint such milk is highly commendable and 
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appeals to the consumer because the lasnman is still under the im¬ 
pression that disease follows the very presence of bacteria and, 
therefore, is friRhtened at the mention of large numbers. How¬ 
ever, there is little evidence of the injuriousness of the bacteria 
and their products commonly occurring in milk. The grading 
of the New York ('ity Board of Health, according to which 
tirade B milk may contain 1,500,000 bacteria before pasteuriza¬ 
tion, shows that reliance is placed on pasteurization as a destruc¬ 
tive'agent. It is .also interesting that the belief in the respon¬ 
sibility of bacterial products for high infant mortality is losing 
ground. 

A bacferiologic e.xamination should not be compared with a 
chemical analysis. The latter is exact; the former not. Results 
of analyses of the same substance by different chemists are in 
close agreement, while those of bacterial examinations vary, 
sometimes within wide limits. It is possible, therefore, to draw 
more definite conclusions from chemical analysis than from bac¬ 
terial examination. It is not usually difficult, for example, to 
detect some definite poison by chemical methods, but no bac¬ 
teriologist would presume to state that a specific disease germ is 
absent frtim milk Iwjcause he cannot find it. 

A great deal has l)een .said and written alxiut the means of 
reducing the bacterial content of milk, but instructions of such 
nature have not infrequently lieen ba.sed on theory rather than 
knowledge. Reference has been made in a previous chapter to 
the research of Harding and his co-workers, who have shown that 
the stable air and barn conditions need lie of little influence on 
the baeU'rial content of milk if due care is exerci.sed in other 
directions. It seems that demands have lieen made on the dairy¬ 
man which were not justified by scientific research and that, 
therefore, energy and money have sometimes been uselessly ex¬ 
pended. 

All foods should lie sold and served under cleanly and decent 
conditions; more than that, the food itself should be as free as 
possible from filth or the results of filthy habits of those produc¬ 
ing and handling it. High bacterial counts mean one or more of 
throe things: 1, filthy production; 2, high temperature during 
transportation, and 3, old milk. But milk with, low bacteria 
content is not necessarily fresh, nor is milk with large numbers 
necessarily stale. Still such is the interpretation sometimes given 
according to established bacterial standards. 

To sum up, bacterial examination is of immense importance 
a« a guide to inspectors and as a control of supplies. But it does 
not justify the recommendation or condemnation of milk without 
the benefit of inspection. The bacterial count simply shows that 
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there is some polluting tributary which can be eliminated by 
efBcient inspection. If high numbers are the result of growth, 
be this in utensils, or bottles, or during transportation, the tyties 
of bacteria that are present are usually of hannleas varieties. 
On the other hand, the presence of a germ carrier nmy render a 
milk of small bacterial content suspicious. 

Examination of milk for bacteria leads to the disi-overy that 
one or more phases in the long journey of milk from producer to 
consumer is not receiving proper care, but does not locate the 
exact source of contamination and does not distinguish l)etween 
harmless and injurious organisms. Furthermore, the results olv 
tained by different workers and by different methods are far from 
uniform. 

There are two methods of counting bacteria in milk, namely, 
by the colony count and the count by direct microscopic examina¬ 
tion. These methods have both advantages and shortcomings. 
The enumeration of colonic's is at present more commonly [crac- 
tised than the direct method of counting. Since it is imjKcrtant 
for the control of milk-supiclies to obtain results in as short a time 
as possible, it is unfortunate that there is no possibility of obtain¬ 
ing results by the usual plate method Icefore a definite period of 
incubation has etnp.sed. (\)naequently, the milk which is lx?ing 
examined is consumed by the time results are available. It fol¬ 
lows that enumeration of bacteria by the plate method cannot 
serve the purpose of rating a single day’s supply. The Icenefit 
derived is the control of regular supplies. By making several 
tests of a milk from a particular source the average quality and 
the conditions at the dairy can Ice judged, but it. is not sufficient 
to make occasional tests. It happens not infreciucntly that a 
milk suddenly contains more than the usual mimicer of bacU'ria. 
Exceptional conditions may be the cause, and it would not Ice 
fair to judge the regular supply by these conditions. Tests should 
be made at regular intervals and at all seasons. Bacterial ex¬ 
amination is useful for detecting irregularities in the general sup¬ 
ply, but its usefulness for the purpose of estimating the quality 
of a single bottle or can of milk is limited. 

Laboratory methods of preparing plates for the bacterial enu¬ 
meration in milk vary considerably, and it is largely due to this 
fact that results are so widely divergent. This divergence is 
sometimes so great that the same sample of milk would be classi¬ 
fied under different grades. The shaking of the milk Mmple is 
the first step that may lead to different results. If milk is shaken 
violently the clumps of bacteria are broken up to a greater extent 
than if milk is poured from one vessel to another. On the other 
hand, violent shaking introduces the error of swelling the volume 
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of the milk by the formation of air-bubbles which rise slowly 
because of the viscosity of milk. After 
dilution this objection, of course, does 
. not hold. 

[“T^. A slight error is involved in the usual 

I f 'll method of diluting, which consists of fill- 

•cJ flasks or bottles with water and then 

^ sterilizing them. Some of the water 

U_ 1 . evaporates during sterilization, and the 

_^, quantity lost is variable according to the 

method of sterilization, the surface of the 
water in the flask, and the width of the 
—‘ mouth of the flask. This error can be 

_I avoided by sterilizing a quantity of water 

_, in a large container and measuring the 

exact amount required for each dilution. 

“ An apparatus for this purpose can easily 

—' be designed by an experienced laboratory 

_■ worker. Freas has descrit)ed a practical 

_j method for distributing sterile water. 

The water is sterilized in 2-gallon bottles 
“ and is connected with the top of a buret 

—“ • by means of a glass tube. Another glass 

tube from the upper part is connected 
\ / with a water suction-pump, and at the 

. top is a cock which breaks up the effect 

I of suction when this is indicated. The 

opening above this cock is filled with 
cotton to filter the air that enters. At 
the lower end of the buret is a gla^ bell 
to protect the outflowing water from air 
- contamination (Fig. 183). Check plates 

Fig. 183.—Fre^’ appa- should alwavs be made to test the ster- 
ratus for accurately filling 
dilution blanks; A, Cot- •“fy t"® water, 
ton filter; B, stop-cocks; The composition and reaction of the 
culture-medium is usually considered of 
sterile water reaervior; E, (treat importance, although closer in¬ 
point of constimt level; F, vestigation of this subject is desirable. 

Some authorities believe that the kind 
(0-11-99 C.C.); H, shield and reaction of the medium are factors 
to i^vcait dust containi- of considerable influence on the results, 
^lule others hold that they are neg¬ 
ligible. Slack, for example, thinks that 
meat infusion with 1 per cent, agar and a reaction of 1.5 per 
cent, acid to phenolphthalein gives appreciably higher counts. 
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than beof extract agar, or a medium with 1.5 per cent. agar. 
Coim, on the other hand, beheves that the difference in com¬ 
position and reaction ©f media is not of great importance. Ayers 
recommends casein agar as the most suitable medium for milk 
examination, especially when it is desirable to determine the 
number of liquefiers in milk. The author states that casein 
agar is not as favorable for lactic acid bacteria as other meiiia, but 
more so for liquefiers. Ayers’ ca.sein agar is prejiared as follows: 

“To 300 c.c. of water (distilled) add 10 grams of casein (Euner 

6 Amend C. P. casein prepared according to Hammarsten) and 

7 c.c. normal sodium hydroxid. IJissolve casein by heating to 
boiling. It is desirable to let this .stand for si'veral hours to get 
a perfect solution. This is not nccessaiy, however. Make up 
volume to 500 c.c. and bring the reaction of the solution to Ixv 
tween -fO.l and -4-0.2 Fuller’s scale. Do not allow solution 
to become alkaline to phenolphthalein or over 4-0.2. If the casein 
is weighed accurately and the normal solution is accurate the re¬ 
action will te about -f 0.2. 

“The agar solution is prepared by dissolving 10 griuns of agar 
in 500 c.c. of water. 

“Both casein and agar solutions should be filtered, then mixed. 
Tube and sterilize in autoclave under pressuie for twenty minutes; 
then cool the tulxis quickly in cold water or ice water. The final 
reaction of the medium will In* aiwut -fO.l, Fuller’s scale. If the 
medium is alkaline the bacterial growth will be restricte<l. If the 
medium is more than 4-0.1 some of the casein may f)e precipit.ate<l 
during sterilization. The casein agar should lie clear and almost 
colorless when poured into Petri dishes.” 

The time and period of incubation of the plates has to lx* 
considered. Bacteria in milk are chiefly of fecal origin, but there 
are others which may multiply with difficulty at high tempera¬ 
ture. It is hopeless to attempt to account for all types of bac¬ 
teria in milk by using one kind of medium, one temiwrature of 
incubation, and only aerobic cultivation. However, other things 
being equal, the best method is the one which gives the largest 
number of colonies and the largest numl)er of varieties in a rela¬ 
tively short time. If the plates are incubated at 37° 0. the fecal 
bacteria will multiply at a great rate, the colonies will be rela¬ 
tively large, and small colonies of other bacteria may be obscured. 
At lower temperature fecal bacteria grow quite well, as a rule, 
but the colonies are not so large, and those of other bacteria have 
a chance to assert themselves. At room temperature, therefore, 
we may expect not only a laiger coimt but also a fairer repre¬ 
sentation of groups or types of bacteria than at 37“ C. Colonies 
form more slowly at lower temperature than at 37“ C., and this 
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is a serious objection, as it delays obtaining results and ties up a 
great deal of laboratory material. In the interest of accuTMy, 
however, too much weight should not be attached to these objec¬ 
tions. A study of the influence of temperature and period of 
incubation and, incidentally, of the influence of dextrose on the 
number of coloni('s developing, made by Glenn and the writer, 
led to the following conclusions: 

“1. Since pathogenic bacteria are difficult, in most cases im¬ 
possible, to find in milk, a higher temperature of incubation has 
no advantage over room temfwrature from this viewpoint. 

“2. Incubation at 20° C. is superior to incubation at 37° C. 
because a higher count is obtained and a better differential count. 

“3. Dextrose is preferable to lactose as an addition to the me¬ 
dium. 

“4. Milk is usually consumed tefore results of bacterial ex¬ 
aminations are available. Bacteriologic and chemical examina¬ 
tions should, therefore, have the principal object of improving and 
controlling the general supply, and accuracy is of greater impor¬ 
tance than quick results. The loss of a day in the interest of accu¬ 
racy is irrelevant.” 

The chart (Fig. 184) illustrates the results obtained. 

C'onn found that the five-day count in most cases was slightly 
higher than the two-day count, although in some c.ases it was 
somewhat lower. Slack thinks that the addition of a carlx)hydrate 
to the medium is irrelevant, and he has obtained as good results 
with media containing no carbohydrate. 

Much also depends upon the number of colonies developing 
on a plate. A large nutnl)er gives too low a count, because some 
colonies remain small and may be overlooked, while a small num¬ 
ber of colonies on a plate may give too high a count, unless un¬ 
diluted milk is plated. This is a difficult proceeding because the 
opalescence of the milk renders colonies hard to distinguish. 
Plates with 40 to 200 colonies are considered the best for a fair 
estimation. At least two, better three, plates should be made 
from each dilution, and the average taken as the proper number. 

A ver>' important source of difference in results is the assump¬ 
tion that each colony originates from one cell. This is not true, 
and it is not known wliat percentage of error is caused by this 
irregularity. Chains of streptococci and clumps of other bac¬ 
teria frequently adhere with considerable tenacity, and a colony 
may have originated from a number of cells rather than from one. 
This objection to the colony count cannot be wholly overcome with 
present-day technic. 

The apparatus for counting colonies should be of uniform tj^, 
since light and other factors may render small colonies discernible 
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with difficulty. If litmus is used and a differential count madei 
some colonies forming but slight amounts of acid may escape proper 
classification. 

There are many devices for counting colonies, some of great* 
Simplicity, others more or less complex. The counting upiviratus 



recommended by Slack reciuires a smali school slate on which a 
circle 41 inches in diameter is cut. The circle is divided into 10 
equal segments and the lines filled with red lead. The surface is 
occasionally rubbed with va.selin. Another apparatus is the one 
designed by Ayers (Fig. 185). It consists of a wcK>den lx)X, 7 

27 








418 


UILK 


inches long and 6i high. The top is covered by a piece of ground 
glass over which is placed a square counting plate. The light 
enters from the front of the box, which is open. The eyes are 
protected by a shield of wood, 14 by 7 inches, and which is at- 



Fia. IRS.—A oolony counting apparatus with a cold counting plate (or 
H«e with statin plates. (Aycre, in Jour. Amer. Pub. Health Aawc., vol. 
1, No. 12, December, 1911.) 

tached to the front of the box. The light should be white. By an 
additional device cold water can be run into a copper box so that 
gelatin plates remain solid. 

The personal equation enters in counting colonies as well 























THE BACTERIOLOOIC EXAUINATION OF UILK 


419 


M in any similar work. As a matter (rf fact, different woritere 
may record varying numbers of bacteria in the same sample of 
milk and even counting the siune plates. This is due to several 
ftu^re. One of the most important ones is the uneven distribu¬ 
tion of bacteria in milk. Tests made fnmi one part of a sample 
may show higher or lower counts thiin those made from another 
piut. It is impossible to overcome tliLs difficulty, but it may lie 
stated that, as a rule, the difleience in results is not large enough 
to cause misiintcrpretation of the (piality of the milk, unless the 
nunilier of bacteria is very close to the standards. In such Inir- 
(lerline ciises one worker may condemn a milk liecause his enu¬ 
meration is slightly higher than the jiermissiblc limit for a I'crtain 
grade, while another worker may consider the .sample passjdile. 
These ca.s<>s, of course, occur ran'Iy. 

The difference in counts is well illustrated by the following 
figures of Slack: 


REUTION la COl ST OF INDIMm Al, WOHKKRS TO AVERAC.E COI NT 
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The American Public Health Assrwiation has published a 
iKxiklet entitled “Standard Methods for the Bacterial Examina¬ 
tion of Milk.” In this publication certain methwls and media 
are descrilied which are to serve as guides for milk examinations 
throughout the countrj’. The results obtained in different labora¬ 
tories are compjirable only when unifonn methods are followed. 
Although the methods of the Committee of the American Public 
Health Association are by no means perfe<-t and are not approved 
by gome authorities, for the sake of uniformity they should lie 
universally adopted. In spite of care there are fundamental con¬ 
ditions which render it difficult to obtain consistent results. It 
should lie remembered that the jilate method as usually practised 
does not reveal the presence of either anaenilies, soil bacteria, or 
pathogenic bacteria. The relative representation of these groups 
may lx* different in different milks, so that the proportion actually 
counted bears no definite relation to the number actually present. 
Furthermore, the variable possibility of breaking up clumps will 
always be a factor beyond accurate control. 

Recently a comparative study of methods practised in differ¬ 
ent laboratories in New York City and the results obtained wwe 
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made and an account published by Conn, who acted as referee. 
A few of the most important comments made are these; 

"1. The Standard Methods for Bacterial Examination of 
Milk published by the American Public Health Association need 
revision, as they lay great emphasis on some of the least important 
points, while they neglect to lay emphasis on some of the most 
important points. 

“2. Individual analyses imder the best conditions are subject 
to considerable variation. 

“3. The question of the exact composition of the media to be 
used is of far less significance than of the methods used in ma- 
nipidation. 

“4. Crcater care should lie given to the proper dilution selected 
for counting colonies and method of counting. Magnifying lenses 
should Ik! of uniform power. 

“5. A scries of tests has proved that if a sample of milk can be 
put into iced water, containing floating ice, it may be kept for 
twenty hours with very little change in bacteria count.” 

Breed and Stocking, on the other hand, have found that in 
the hands of careful manipulators, using tei^hnic which differs 
much in detail, the agar plate method hsis given very consistent 
results when compared with the rapid work of laboratory assist¬ 
ants using routine methods. 

It is obvious that the plate method, or any other method for 
that matter, reciuires care, accuracy, and exi)erience if con¬ 
sistent results are to be obtained. The rush of work in com¬ 
mercial laboratories and sometimes the lack of experienced work¬ 
ers may explain in part the divergence of results. This diver¬ 
gence is particularly unfortunate, since it tends to throw dis- 
creilit on bacterial counts in milk and renders their application 
for improvement of milk-supplies more or le.ss difficult. 

Frost has published a method for preparing “little plates” 
and counting the colonies by means of the microscope within three 
•or four hours for raw milk and eight to twelve hours for pa.s- 
teurired or very good milk. The author descrilies the method as 
follows; 

"One-twentieth c.c. of milk is mixed with standard nutrient 
agar and spread over a definite area of a sterile glass slide. When 
the agar is hard, this little plate culture is put in the incubator 
for about six hours under conditions which prevent evaporation. 
It is then dried, given a preliminary treatment to prevent the 
agar from firmly binding the stain, stained, decolorized, and 
cleared. When this dried and stained plate culture is viewed 
under the microscope the little colonies are definitely stained and 
appear highly colored on a colorless or slightly colored background. 
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These colonies can be rapidly counted and the numlter of bacteria 
per cubic centimeter calculated.” 

The author has desiftned a siwial water-lwth, a nivellating 
apparatus, and an incubating cabinet for executing his method 
(Figs. 186-188). 



Fir. IHfi.—Warm box of wiitor-bath, kept at 4.‘)° C,, uwxl to keen the 
little platiw warm while the agar is being spread. (Frost, in Jour. Amer. 
M(xi. .\sMoi-., vol. ()G, 1910.) 

Since quick results arc under some condilKin.s dwirablc, at¬ 
tention has recently l)een given to bacterial eniiiiieration by din-ct 
inicniseopic examination. This i.s really a revival of the first 



Fig. 187.—Incubating cabinet. Little plates are kept moist during 
incubation. Cabinet is put in incubator. (Frost, in Jour. Amer. MixT 
Assoc., vol. 66, 1916.) 


attempts made to count baeteria. Before the plate method was 
evolved numliers were estimated by direct oliservation. A micro¬ 
scopic method for enumerating bacteria in sewage was devised 
by Winslow in 1905, while Slack was the first to apply the method 
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t(. counting bacteria in milk. This method consists of collecting 
the aliment of a definite quantity of milk by centrifugation and 
smearing the sediment over a surface of about 4 sq. cm. with 
the aid of a drop or two of sterile water. The sediment is stained 
with methylene-blue after having been dried with gentle heat. 
Bacteria can te counted under the microscope, and the method 
is sufficiently accurate to eliminate sam¬ 


ples which are Mow the standard. 
When, however, the milk contains more 
than the permissible numlier, as deter¬ 
mined by the microscopic examination, 
plate counts should be made to confirm 
the direct count. 

Prescott and Breed worked out a 
method for enumerating cells in milk 
by direct microscopic observation, and 
Breed applied a similar method for 
enumerating bacteria. This is de¬ 
scribed by Brew and is carried out as 
follows: 0.01 c.c. of milk is taken di- 




rig. —iNtveiiating ap|)arfl 

setting agar on little plates ii 
film of uniform thickness. (Fr 
in Jour. Amer. Med. .\B8oe.. vol 
1916.) 


Fig. 189.—Convenient forms of 
«?P*llaiy pipets. (Breed and Brew, 
Tech. Bun. 49, New York Agric. Exp. 
Sta., 1916.) ^ 


rectly from a well-shaken sample by means of a specially gradu¬ 
ated pi^t (Pig. 189). The drop of milk is deposited on a clean 
Bhde and spread over an area of 1 sq. cm. with a stiff, straight 
smears of each sample are made on the same 
nide. The niilk is then dried by gentle heat which is obtained 
over a level woiKlen surface placed on a steam radiator. The 
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smear should not become too hot, as this makes it check, and 
satisfactory staining is then impossible. As soon as diy, the 
slides are placed for a short time in a Coplin staining jar contain¬ 
ing xylol, which removes the fat. The surplus xylol is then 
wiped off with filter-paper. Tlie smears are dried and fixed in 
95 per cent, alcohol. After fixation they are immediately stained 
for two to three minutes in Lciffler's methylene-blue and then 
decolorized to a light blue in 95 per cent, ak-ohol. The count¬ 
ing is done under an oil-immersion lens. The numl)cr of fields 
composing 1 c.c. is figured, and this is the factor fur multipli¬ 
cation. It is necessary to count several fields and take the 
average. 

By direct microscopic emmieration clumps of bacteria can 
observed. The individual cells in the clumps can l>e counted, 
unless, as hapi)en.s sometimes, they are so thick that single cells 
cannot lie distinguislMHl. This is an obviotis advantage over the 
plate rneth(Hl, but confusing if results are to 1 h‘ c(»mparcd with 
those of the plate method. According to Brew, exi)erience has 
shown that in milk with low bacterial content the direct count is 
alsjut forty-four times tjs high us the plate count, if individual 
cells are count<'d, and sixtt>en to seventeen limes as great if chunjw 
are counte<i lus single cells. When the numls'r of bacteria aj)- 
proaches 1,000,(XX) the ilirect count is alaiut 5 ix-r lent, higher than 
the plate count. 

In the investigation by Conn referred to above Dr. Breed 
made counts by his method of the same samples of milk that 
were plated in the lalxTatories. Pnifessor Conn states that (1) 
in making a comparison of the plate count with the direct count 
clumps should le counted as individuals, and that then the micro¬ 
scopic methcsl gives good results; (2) considerable experience by 
the person making the count is needed to di.stinguish lietween 
bacteria and dirt particles, particularly when the milk contains 
minute micrococci; (3) when the microscopic count is made by 
one who hiis had sufficient experience, the group count agrees 
somewhat closely with the plate count, and (4) raw, fresh milk 
does not contain any appreciable number of dead bacteria which 
might disclose themselves to the microscope. 

The advantages claimed for the direct microscopic method are 
several. In the first place, it shows the presence of bacteria which 
do not grow on agar, and in the second place the work consumes 
but a short time, so that results can lie had quickly; and further¬ 
more, the necessary apparatus is simple and less expensive than 
that required for the plate method. Breed and Brew claim that 
the microscopic examination of milk is more useful for detecting 
the causes of a large germ content than the plate method, espe- 
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cially since they have been able to detect large numbers of strep¬ 
tococci by the direct method. 

Brew and Dottcrer realize that the clumps of bacteria affect 
the accuracy of the microscopic count, and that the counting is 
rendered difficult when the clumps are large and dense. But 
they add that the plate count is affected not only by the same 
conditions, but that the clumps do not break up entirely into 
individuals, and that thereby the plate count becomes less reliable 
than the microscopic count. The authors emphasize the usefulness 
of the microscopic test in rapidly grading milk and distinguishing 
between milks of small, medium, and large germ content. 

However, modern bacterial standards, and, in fact, nearly all 
published reports of bacterial enumerations in milk, are based 
on the plate method. If the direct microscopic method were 
generally introduced, ideas in regard to numbers of bacteria in 
milk would have to l)e changed. However, this should not be 
a valid objection to a new method, if such method is recognized 
as superior. An improved method that brings us nearer the truth 
comfiels us to di.sc,ard old standards and establish new ones. 
Therefore, it is desirable that comprehensive tests of the micro¬ 
scopic enumeration of bacteria in milk Imj made and, if its suiierior- 
ity l)e proved, it should find its projxir place in bacteriologic 
technic. 

As stated liefore, the discrepancies in results obtained by dif¬ 
ferent workers have been instrumental in casting doubt on the 
value of the bacterial examination of milk. It is true that the 
precision possible in a chemical analysis cannot be obtained in a 
bacterial examination. However, the differences are usually not 
large enough to undermine the relative accuracy of the bacterial 
count. It is of no conse<iuence whether a milk is said to con¬ 
tain 5000, 0000, or even 8(XK) bacteria; such milk is of the best 
quality as far as the bacterial test goes. Neither is it important 
to differentiate lietween a milk containing 1,000,000 and one 
containing 1,500,000. These differences are irrelevant as long as 
it is necessary to depend upon bacterial enumeration without 
distinction of groups or types. When bacteriologic technic shall 
have evolved means for (letennining groups and types of bac¬ 
teria with reasonable certaintj', then a closer relationship of 
numbers may become of value. 

Other Bacteriologic Tests 

Milk is frequently examined for streptococci with a view to 
determining the presence of pathologic strains. Lactic acid strep¬ 
tococci appear chiefly in diplococcus form and sometimes in short 
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chains. When long chains of streptococci are observed the as¬ 
sumption is sometimes made that a pathologic condition of the 
udder is indicated. This important subject will lie considered in 
another connection. 

The presumptive Bacillus coli test has Ikhmi 8ucccs.sful in de¬ 
tecting polluted drinking-water, and in the opinion of stnne 
sanitarians the pre.s<‘nce of B. coli in milk assumes similar im¬ 
portance. The test is carritsl out in the .same manner as the pre¬ 
sumptive test for water ixjllution. It must Ik> confes.se(i, how¬ 
ever, that the prc.sence of B. coli in milk smd that of B. coli in 
water reci'ive difTcrcnt intc'rpn'tations. VVIkui B. coli is present in 
water it is, as a rule, dcrivisl from human excreta, although a 
few cells may enter from anotheu' source. The t)resence of B. 
coli in 1 c.c.or less of a surface water is the usually acce))tcd .stand¬ 
ard, and is considered an indii’ation of ixillution with human 
excreta. In .such [xdluted water organisms causing intestinal dis¬ 
eases in man, chiefly typhoid fever, may lie prc.scnt. In milk, 
however, wlum B. coli is present— and it is invariably piTvsent in 
raw market milk—it is u.sually derived from Isivinc feces. Cows 
are not su,scej)tible to typhoid fever and do not carry the typhoid 
bacilli in their digestive tract, hence the presence of colon bacilli 
in milk does not indicate the probability of inff'ctiousness for man. 
Since the majority of bacteria in milk are of manurial origin a 
positive (|ualitative test for B. coli adds little to our knowledge. 

There is considerable evidence to the effect that market milk 
is never entirely devoid of bacteria of the coli-acrogenes group. 
Prescott found Bacillus coli in 77 per ceid. of IIK .samples of cer¬ 
tified milk, and .stated his conviction that if a sufficiently large 
volume of certified milk were exiunined the organism could be 
detected in all .samples. Pace substantially agrees with Pres¬ 
cott. Ayers and Clemmens found that commereial milk produetnl 
under the lest of conditions always contained bacteria of the 
eoli-agrogenes group. 

It is neees.siiry to know the origin of coli-acrogenes bacteria in 
milk if significance is to le attached to their presence. The 
methods generally praeti.st>d for their <l(‘tection <lo not differentiate 
the Bacillus coli and B. aerogenes tyres. In market milk the 
two types are present in nearly ec)ual proportion, according to 
Rogers, Clark, and Evans. These authors state that in Ijovinc 
feces B. aerogenes is ran*, while B. coli is the |)re<lominnting type. 
Ayers and Clemmens found only 4 eultur<>s of B. ai'rogenes in 
1160 cultures obtained from sjunples of cow excreta. It follows 
that B. aerogenes does not represent fecal pollution in milk, no 
matter how large the nunilx-r present, although Ayers and Clem¬ 
mens found that “as feces dries the proportion of B. aerogenes to 
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B. coli may increase slightly.” In fresh milk the same authors 
found that B. coli far exceeds B. aerogenes in numbers. 

Bacillus aerogenes must come from a different source. Rogers, 
Clark, and Evans studied 166 cultures of the coli-aerogenes group 
obtained from grain, of which 151 were of the B. aerogenes type. 
Hunter isolated bacteria of this group from silage, alfalfa, and 
kafir com, and classified 79 per cent, as B. aerogenes. Jo^son 
and Levine found “aerogenes-cloacse” organisms abundant in soil. 

It is clear from these findings that the “presumptive Bacillus 
coli test” when applied to milk does not shed the desired light on 
conditions. 

Ayers and Clemmens made counts of the coli-aerogenes group 
in milk obtained under conditions ranging in variety from those 
so cleanly lus U) etjual methods practised in certified milk dairies 
to those involving conditions of filthiness l)eneath the meanest 
dairy. They found fresh milk did not contain more than 2000 
coli-aerogenes bacteria per cubic centimeter, with but one excep¬ 
tion, and naturally concluded that when a larger number than 
2000 per cubic centimeter is present, this is due to growth rather 
than to initial pollution. Unfortunately, there is no method 
known by which the descendants can be distinguished from those 
present in freshly drawn milk. 

By carefully eliminating one factor after another, the same 
authors determined that bacteria of the coli-aerogenes group in 
milk are chiefly derived from neglected utensils. 

Prescott and also Barthel have stated that Bacillus coli grows 
slowly at 10° C. Race found no growth at 7.2° and Ayers 
and Clemmens observed that there is some indication of a slight 
growth at 10° C. But as the temperature increases multiplication 
becomes more rapid. This is shown clearly in the following table: 

QBOWTH OF OROANISM.S OF COU-AfiROOKNES GROUP AT KC AND TO* C. 

Colon count. 


Semple No. 

Totd count. 
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1. 


325.000 
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2.400.000 

11,. . . 
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250.000 
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14 ... . 
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1.170.000 

1.180,000 
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120.000 

1.810.000 
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It is clear that a test for Bacillus coli in milk requires a Uiorough 
knowledRe of conditions for proper interpretation. It cannot, at 
the present stage of our knowledge, serve as a measure of inanurial 
pollution, but does indicate that the milk has probably lieen kept 
at a temperature high enough to permit growth. And since it 
appears that B. coli is rejilly of inanurial origin, while B. aSrogenee 
comes chiefly from a different source, such tests must remain of 
doubtful value as lung as a rapid method of distinguishing the 
two types is not known. And furthermore, while high counts 
of bacteria of the coli-aerogenes group are due to growth, 
initial pollution is largely due to poorly cared for vessels in 
which growth has taken place before the bacteria have entered 
the milk. 

The presumptive colon test has been thought to give proof 
whether milk has Ikh'ii proixTly pasteurized, on the assumption 
that the bacillus is destroyed by (iasteurization temperature. 
This subject has lieen studiwl by Ayers and Johnson, who have 
stated that at t)()° (140'’ F.) for thirty minutes 54..59 per cent, 

of the test cultures survived; at 02.8° (14.5'’ K.) 0.89 per cent, 

survived, and at 0,5.0 (1.50'’ F.) one culture survived on the 

first heating, but in rejx'ated experiments was always destroyed. 
This work shows that the finding of colon bacilli in [lasteurized 
milk, even in relatively large nuinliers due to growtli, is not a 
reliable test for efficient pasteurization. Furthermore, in an¬ 
other publication the same authors have shown that some anaero¬ 
bic bacteria occurring in milk produce gas in the clost'd arm of 
the fermentation tulie. This might lieeome a wrious .source of 
error when gas formation is the only criterion for detennining 
the presence of Bacillus coli. 

AnaiTolies are constantly present in milk either in the vege¬ 
tative form or as spores, or in laith forms. Hecently Weinzirl 
and \'eldee have worked out a method of numerical rlctermina- 
tion of Bacillus sporogenes in milk. The object of tlie test is a 
quantitative estimate of manurial |K)llution and is made by plac¬ 
ing 10 c.c. of the milk in one tutie and suitable dilutions in other 
tubes, covering the milk with melteri paraflfn and heating to 80® C. 
for ten minutes. Only spores will survive this treatment. Thetulies 
are incubated and the presence of Bacillus sporogenes is indicated 
by gas formation which pushes the paraffin plug up. If proteus 
is present there will be digestion of the casein, but no gas. The 
real value of the test must te determined by comprehensive 
investigations. As a matter of fact, the same argument that 
holds in the interpretation of total counts and colon bacilli 
holds in that of anaerobes. It is probably true that strict an¬ 
aerobes do not multiply in milk under nonnal conditions, while 
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Bacillus coli does. There are, however, other spore-bearing bac¬ 
teria in milk which grow Iwth aerobically and anaerobically, and 
if spores of these are present in large numbers the characteristic 
reartion of Bacillus sporogenes may not appear. 


Samplin(! Milk for Bacteriologic Examination 

A representative sample of milk for bacteriologic examination 
is of the utmost importance, Ix'cause many types of bacteria 
thrive in milk and the flora changes rapidly numerically and in 
kind. Samples should l>e taken from well-mixe<l milk only, and 
if possible plate*! imrne«iiatcl.v, or smears made for the micro¬ 
scopic count. If trunsiK)rtation is neceasaiy, the samples should 
lie kept cool, ('onn has stated that if a sample of milk is kept in 
ice Wilier the bacterial count after twenty hours is but slightly dif¬ 
ferent from the one made of the fresh sample. 

Samples can lie taken in Isittk's or tt“st-tul)C8 and can be kept 
ciKil in one of the many devices obtidnable for the purpose. 

Care should Ik> taken that the cream is thoroughly mixed with 
the milk Ix'fore sampling. As exiilained in a previous chapter, 
cream is liable to IxTome stiff when cold and mixes readily only if 
warmed. The importance of this is evident considering the fact 
that bacteria rise with the cream by adhering to the fat globules. 
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Bacillus coli does. There are, however, other spore-bearing bac¬ 
teria in milk which grow Iwth aerobically and anaerobically, and 
if spores of these are present in large numbers the characteristic 
reartion of Bacillus sporogenes may not appear. 


Samplin(! Milk for Bacteriologic Examination 

A representative sample of milk for bacteriologic examination 
is of the utmost importance, Ix'cause many types of bacteria 
thrive in milk and the flora changes rapidly numerically and in 
kind. Samples should l>e taken from well-mixe<l milk only, and 
if possible plate*! imrne«iiatcl.v, or smears made for the micro¬ 
scopic count. If trunsiK)rtation is neceasaiy, the samples should 
lie kept cool, ('onn has stated that if a sample of milk is kept in 
ice Wilier the bacterial count after twenty hours is but slightly dif¬ 
ferent from the one made of the fresh sample. 

Samples can lie taken in Isittk's or tt“st-tul)C8 and can be kept 
ciKil in one of the many devices obtidnable for the purpose. 

Care should Ik> taken that the cream is thoroughly mixed with 
the milk Ix'fore sampling. As exiilained in a previous chapter, 
cream is liable to IxTome stiff when cold and mixes readily only if 
warmed. The importance of this is evident considering the fact 
that bacteria rise with the cream by adhering to the fat globules. 
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teria will be scarce and may be easily overlooked. Negative 
findings, therefore, do not prove conclusively the absence of dis¬ 
ease germs. 

2. Pathogenic bacteria do not multiply readily at the tempera¬ 
ture of market milk, while many saprophytes do multiply. Under 
these conditions isolation of disease germs is difficult. 

3. The time recpiired to isolate pathogenic bacteria from milk 
is so great that the ixriod of an epidemic is unduly lengthenetl 
before ptt^ventive measun's are put in operation. 

4. The cjiusjil organism of some diseas<‘s is still undetermined. 

5. Milk may have l)een intermittently contaminated with the 
virus of a disca.se, or only the product of a single day may con¬ 
tain the infectious material. At the time the epidemic is dis¬ 
covered the milk may Ik' free from dangerous organisms, while 
the milk actually resjionsiblc has l)een consumed l)efore suspicion 
pointed to the supply. 

0. Some [lathogenic bacteria cannot l)e cultivated on artificial 
media. 

However, the menace in milk, great its it is, has probably 
been somewhat exaggerated, iind a lieginning at least has been 
made to cause the iwidulum to swing to its normal position. 
In an interesting artii'le Kelley has shown that the numlier of 
cases of fii.seasc' iind deaths (hie to milk infection is small if com¬ 
pared to that due to other cau.ses. In the author's words, “When¬ 
ever the subject is ajiproached in an impartial manner it is rather 
astonishing to si-e how little real basis there is on which to form 
any definite estimates as to the comparative importance of milk 
infection as compared to other modw of infection, such us water, 
carriers, or direct contact.” The author has stated after con¬ 
siderable study “that in only 0.03 per c(>nt. of cases was the 
transmission of diphtheria definitely assigned to infected milk, 
and in only 0.10 per cent. wa,s milk either proved or susix-cted; 
1.6 per cent, of the reported cases of scarlet fever were definitely 
attributed to milk infection, and 1.8 per cent, proved or susjieetetl; 
in 79 per rent, of the ca.se8 septic sore throat (not reportable in 
Massachusetts until 1914) milk wins assigned as the cause; and 
in 5 per cent, of the cases of typhoid milk was definitely assigned 
as the cause, and in 6 per cent, of the cases of typhoid milk was 
either proved or suspected to lie the agent of infection in this 
disease. Taking all of these diseases in a group, 3.9 per cent, 
were definitely attributed to milk, and in 4 per cent, of all the 
cases milk was proved or suspected. Considering mortality, 3 
per cent, of typhoid deaths are possibly attributable to milk, 
0.08 per <jent. of diphtheria deaths, 0.8 per cent, of scarlet fever 
deaths, and 98 per cent, of septic sore throat deaths; an average 
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for the whole Rroup of 2 per cent, of the deaths may be attributed 
to infected milk.” 

Hi({h infant mortality has been commonly ascribed to con¬ 
taminated milk, although no specific germ so far has been identi¬ 
fied as the cause of cholera infantum. The importance of milk 
in relation to this disease has also lieen exaggerated, and Schere- 
sidiewsky goes so far as to state that “the hypothesis that the 
ordinary saprophytic germs of milk produce disease and death in 
infants is singularly lacking in experimental confirmation.” 

Admitting that the culpability of milk as a carrier of infection 
has lieen exaggerated, the fact that the virus of diseases is dis¬ 
seminated through its means cannot lie denied, and any study 
that leads to the decrease of milk-borne morbidity or death should 
lie encouraged. 

Milk-borne epidemics have characteristics which usually dis¬ 
tinguish them clearly from epidemics due to other causes. The 
explosive outbri-ak of a milk-borne epidemic is similar to that of 
a water-lM)rn(' epidemic, but differs inasmuch iis it is usually con¬ 
fined to patrons of a particular dealer. It is true that not all those 
who consume milk from the same supply are taken ill. As a mat¬ 
ter of fact, among the users of the same supply the numl)er of 
those taken ill may vary from a small percentage to 80 or 90 
fx'r (Sint. This, of course, is due to certain factors that have to 
l)e taken into account, the most important of which are: 

1. The (plantity of milk consumed: It is obvious that the larger 
the quantity of milk consumed, the greater is the intoxication, 
and since it is a well-known fact that while a moderate numtier 
of bacteria may not caus(' disease, a large numlier is more liable 
to do so. This is the reason why milk-borne epidemics are more 
frequent among the well-to-do class than among poorer people, 
since the latter inirchase their supply in moderate quantity for 
immediate consumption, while the former use milk more lilierally. 
The following figures taken from Swithinbank and Newman’s 
Bacteriology of Milk clearly illustrate the relation of the amount 
of milk consumed to the numlKsr of cases of disease occurring: 

RKUTIO.*! OF AMOCNT OF PARTiruUR MILK CONSCMED TO INCIDENCE OF EPIDEMIC 
(WimbletoD and Morton lSJW-871 


AzDount of putirultf milk 
eoiunitMd tU iy ppr htmapitold. 

Total 

No. 

Invadnl 
per cent. 

Total 

No. 

Invaded 
per cent. 

boiiBcn. 

invaded. 

of total. 

persons 

invaded 

of total 

LiM than 1 pint . 

81 


48 1 

31ft 

68 

21 6 

t to 1 ft pints . 

102 

A2 

61 7 

472 

163 

34.5 

2 to 2.A pints. 

43 

32 

76 7 

207 

87 

42 0 

t or more pinu .. 

48 

39 

m.2 

362 

169 

46.6 


The fact that women and children are larger consumers of 
milk than men explains the greater liabiUty of women and chil¬ 
dren to milk-borne infections. 
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Purthennore, the infectious material may not be evenly dis¬ 
tributed through the milk, and, as a matter of fact, it has happened 
that but one out of a number of milk cans was actually infected. 
Infectious material may gain access to a relatively small number 
of bottles, thus carrying disease to a limited group of families. 

2. Susceptibility to the disease: Individual susceptibility to 
a disease naturally plays an hiipt)rtant rfile in the nuinl)er of 
persons coming down with a milk-lM)rne infection. If, for example, 
a milk-supply is containinatetl with typhoid bacilli the iH'rcentage 
of persons taking the infection will be smaller in a community in 
which typhoid fever has l)ecn more or less pievalent than in a 
community relatively free from the disi'ase. Furthermore, since 
typhoid fever is a disease-chiefly confined to certain age limits, 
those within these limits are more liable to suffer than others. 

3. The manner in which milk is used: If milk is ust'd chiefly 
on cereals, fruit, etc., it is consumed in relatively small amount, 
and when taken in hot tea or coffee the incidence may U' quite 
small, since these l)everages are taken at a temix!rature which 
destroys a large numtx'r of bacteria. 

4. The virulence of the organism: The well-known variability 
in virulence of pathogenic bacteria may lie the cause of affecting 
a small or large IH'rcentage of milk consumei-s. 

The facts stated show clearly that a milk-supply may Ih' re¬ 
sponsible for an epidemic even if only a small numlx'r of iH'rsons 
is affected. On the other hand, it may hap|H'n that iH'rsons who 
do not regularly use the incriminated supply are affc'cted. These 
IH'rsons may have visited friends or relative's in the stricken 
district; or may have taken milk at a public eating house where 
the particular milk was served; or, finally, they may have con- 
tracterl the disease by contact with those originally affected by 
the milk. 

Pathogenic bacteria may gain access to milk in various ways, 
namely: 1, from the personnel employed in handling the milk and 
from the clothes of employees; 2, from contaminated larttles and 
utensils; 3, from flies; 4, from dust in the air; 6, from domestic 
animals; 6, from the cows. 

1. From the Personnel Employed in Handling the Milk and 
from their Clothes.—There are several possible ways in which 
milk may become infected from employees. During the milking 
process a carrier may be responsible for the entrance of pathogenic 
germs. Diseases of the respiratory tract are communicated by 
coughing, sneezing, or from the hands—the germs of intestinal 
diseases may adhere to the hands of the milkers and enter the 
milk. Cleanline&s is, unfortunately, not as widely practised as 
is desirable, and some typhoid fever epidemics have Ireen traced 
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to carriers whose lack of personal cleanliness was responsible. 

iwTca*. .nny comunmcate<\ to milk in a similar manner, 
derm carriers are particularly dangerous, since they^ are well, 
and there is no reason for suspecting them of carrying infection. 
The same applies to those who are in the incubation period of a dis¬ 
ease. Jn typhoid fever, for example, the bacilli are frequently 
discharged before the patient takes to bed. Furthermore, am¬ 
bulant cases are by no means scarce and constitute a serious 
menace 

It is almost needless to state that the clothes of those carrying 
infection may be the source of milk contamination. 

There are ca.ses on record showing that nurses may communi¬ 
cate disease germs to milk. When a fanner has to cai-e for a sick 


person and also attend to the milking, hi.s soiled hands may com¬ 
municate the virus to the milk. In the milk collecting station a 
carrier or a person in the incubation p(;riod of a disease may cause 
disaster, ancl even in the home, nurses may communicate infection 
to the milk. 

The discharges of patients suffering from a communicable dis¬ 
ease should lie properly disinfected if the milk-supply is to be 
guarded. There is the fro(|uently cited e.xainple of the Spring- 
field, Mass., typhoid fever epidemic which was caused by human 
feces spread on the field and then carried on the Ixiots of the men 
to an oix:n well in which the milk was cooled in leaky cans. 

EniploycH's may also lie responsible for infecting utensils and 
bottles. Even pasteurization may not lie an entirely reliable 
safeguartl against this menace, unless effective precautions are 
taken. The most modern pasteurization machines provide effi¬ 
cient protection against this mode of infection, inasmuch as it is 
not neceasary for an employee to handle the Ixittles, or for the 
milk to be exposed to human infection. The milk is constantly 
under cover and the bottles are automatically inverted to receive 
the milk from the cooler. 

2. Cans and Bottles .—The cans and bottles may t)e the sources 
of infection when contaminated water is used for washing and when 
the utensils arc not thoroughly steamed before use. Sometimes 
bottles are contaminated with disease germs in the home. In 
many communities it is now compulsory to retain the bottles as 
long as there is a communicable disease in the house, and after 
recovery of the patient they are sterilized with special care. 

3. Flies may easily communicate infectious material to milk, 
since they carry it either on their feet and wings or drop it from 
the intestinal canal. It is almost impossible to exclude flies en¬ 
tirely from cow stables, and even in the best dairies the pest is 
quite plentiful during the warm season. It is easily conceivable 
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that pathogenic germs are deposited in the milk under these con¬ 
ditions. 

A bottle of milk left unprotected outside of the house may 
furnish flies with the means of communicating disease virus, since 
frequently a few drops of milk remain on the surface of the bottle 
cap. A simple box to hold the milk will prevent this menace. 

4. Dust .—Although infections through dust are considered 
relatively scarce, the possibility of its communicating pathogenic 
genns to milk cannot l)e entirely excluded. If, for example, there 
is a case of typhoid fever in the family of a milk producer, and 
the <lejecta are left near a dairy barn or a milk house, the dust 
inay soon carry germs to the milk. It has bc'cn shown that ty¬ 
phoid bacilli may live for weeks and even months under such con¬ 
ditions, and in the soil for more than a year. Human dejecta, 
th(>refore, should never l>e used for manuring. 

5. Domestic Animals.—The cari‘le.ss habit of leaving Iwttles 
of milk outside the house without [mdection exposes them to 
visits from cats sind dogs. Iloth animals may carry diphtheria 
genus and the germs of other dis('as('s, and by licking the caiJS of 
milk bottles leave the germs which finally find their way into the 
milk. 

6. The rote.—Finally, infection may l)c derived from the cow. 
Of chief importance is the transmission of bovine tuljcrculosia 
through milk. That Imvine tul>ercle bacilli are infectious for man, 
espc'cially during inbvncy, is not (piestioned, and many invc'stiga- 
tions have shown that a consi<teiable proportion of raw market 
milk harbors living Isjvine tuliercle bacilli. They reach the milk 
either from a diseased animal directly when the udder is affected, 
or through the dust from the dejecta of tulx-rculous animals. 

It is clear that milk and cream ai-e exposed to infection at 
many points, and the problem of prevention is proportionately 
difficult. Metiwls of prevention ai-e studied chiefly by investi¬ 
gators of epidemics by definitely locating the source of infection. 

As previously stated, milk-borne epidemics are studied suc¬ 
cessfully only by epidemiologic methods, while the isolation of a 
specific disease genn, though desirable, is difficult and not alto¬ 
gether necessary. The epidemiologist will attempt to tabulate 
all cases of the di.sea.se and make inquiries as to the water and 
milk-supplies of the stricken families, the exact date of the out¬ 
break of the disease, and similar points of interest. Trask gives 
the following points to be ascertained in the investigation of milk- 
borne epidemics; 

“1. The numl)er of cases of the disease existing in the involved 
territory during the time covered by the epidemic. 

The number of houses invaded by the disease. 
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“ 3 . The number of invaded houses supplied in whole or in 

mrV AvTCClVy oi iwWrei'tty, the suspected luilk. 

“’ 4 . The number of eases occurring in invaded houses so sup- 

p/jfvJ. 

“5. The riutnl)er of houses supplied with the suspected milk. 

“6. The relative pro/jortiun of houses so supplied to those sup¬ 
plied by other dnirit's. 

“7. 7'he time covered by the epidemic. 

“H. The loeiitio/i of tiie ease or cases from which the milk 
became eon( aminated. 

“!). Tlie relation of the original case to the epidemic. 

“ID. I’lie time relation of the original case to the epidemic. * 

II. 1 he special ineidenec of the disease among milk drinkers. 

“12. The elimination of other common carriers of infection. 

“13. 'I'he effect upon the epidemic of closing the dairy or tak¬ 
ing such measures as will eliminate the possibility of milk con¬ 
tamination from the suspected focu^. 

“14. The finding of the siMicific organism in the milk.” 

The cases are marked on a map and a so-called spot-map 
prepared. A milk-borne can l>e distinguished from a water-borne 
epidemic by the fact tliat in the latter the cases are spread more 
or less evenly over the whole community, while a milk-borne 
epidemic is more or less confined to a limited area. This is due 
to the fact that the water-sipiply is generally a uniform one 
throughout a community, while milk is supplied by a numlier of 
dealers, and tlie infection is confined to one dealer or, at most, a 
small numlicr of dealers. 

After the epiilemiologist has found evidence which leads him 
to suajiect a particular milk dealer, he will investigate conditions 
on the dealer's premises and at the producers’ farms. Usually 
the cau.se can then lie attributed to a diseased person or a carrier. 
The diagnosis Ls confirmed by a bacteriologic examination of the 
sputum, dejecta, urine, or other discharges. The finding of the 
specific organism clinches the evidence. If the epidemic ceases 
after exclusion of the suspected supply from the market, the 
evidence of the culpability of the particular milk-supply is con¬ 
sidered complete. 

. prevention of milk-borne epidemics is one of the most 
difficult Disks of health administration. The larger the com¬ 
munity, the more complex is the problem, since the milk is de¬ 
rived from a great variety of sources. This might seem an argu¬ 
ment in faviir of supplies lieing taken over by large corporations 
or CTen by city governments, similar to the method now practised 
of distributing drinking-water. There are surely many reasons 
why a single milk-supply controlled by a municipal authority 
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would be advantaReouB, but it should not be forgotten that milk 
requires a great deal of handling by human beings, while water 
is a product of nature that requires much less care. It seems 
impossible to employ men for milk production who are surely 
free from disease and who do not carry diseiise genus. The task 
of a medical supervisor would lie enormous. Bacteriologie technic 
is not yet sufficiently developed to infallibly locate all carriers. 
Furthermore, the larger the milk-supply, the greater is the danger 
of spreading infectious material, because the contaminated milk 
is mixed with the balance of the supply. It is true that this proc¬ 
ess also involves a proportionate dilution of the virus, hut how far 
this is a source of protection is problematic. Efficient dairy in¬ 
spection, guided by bacteriologic control, which lends to cleanli¬ 
ness in methods; cxclu.sion of flies; thorough cleaning and steam¬ 
ing of all utensils and bottles, and proper sealing of containers to 
prevent tampering, may aid in the reduction of milk-lxirne dis¬ 
ease. Medical examination 6f all employees and veterinary in¬ 
spection of the cows also will help in obtaining the desired result. 
But these safeguards are limited and uncertain owing to the 
difficulties involved in their execution. Under modern conditions 
there is but one remedj’- efficient pasteurization. 

The diseases which have licen known to lie disseminated through 
milk may lie divided into two claases, namely: 1, those which are 
derived from human lieings engage<l in handling milk, and 2, 
tluxse which are derived from diseasral cattle. I'o the fimt chuss 
belong typhoid fever, dysentery, paratyphoid fever, diphtheria, 
septic sore throat, human tulierculosLs, Asiatic cholera, and 
scarlet fever. To the second class lielong Ixivinc tulicrculosis, 
fiKit-and-mouth di.sease, mastitis or garget, contagious abortion, 
anthrax, rabies, actinomycosis. Ixitryoniycosis, cowpox, milk 
sickness, and gastro-intestinal troubles. Malta fever, commonly 
carried by goat's milk, also lielongs to the second class. 

Diseases Derived from Human Beinus 

Typhoid fever is one of the most important infections carried 
through milk, and is communicated to milk through human agencies 
only, since cows are not susceptible to the disease. The bacilli grow 
well in milk if temperature conditions are favorable, but in properly 
cooled milk there is little if any growth. The changes caused in 
milk by Bacillus typhosus are slight and not noticeable to the 
unaided senses. The amount of acid fonned is too small to lie 
recognizable except by the use of chemical indicators, and some 
strains of typhoid liacilli produce alkali after an initial acid pro¬ 
duction, with the result that the acid is neutralized. Typhoid 
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bacilli may l>c present in milk in large numbers without materially 

changing the taste, odor, and appearance of the milk. Like other 

Imfltvria, typhoid bacilli rise with the cream, and m this case 
erenm may become highly infectious. If infected cream is used 
in tea and coffee the danger from typhoid bacilli is lessened, since 
both are usually consumed bot-^y 60° to 70° C. However, the 
menace is by no means entirely eliminated. 

Typhoid fever is an intestinal disease and the dejecta and 
urine of patients or carriers are, therefore, the chief sources of 
infection. The organisms are abundant in feces and the urine 
is 8ometimc.s so heavily charged that it is turbid. In carriers the 
discharge is intermittent and the milk is infected at intervals, a 
circumstaiic-e which makes it difficult to detect the true source of 
infection. 

Infection of milk by carriers, ambulant cases, or persons in the 
incubation period of the dLsea.se is due to lack of cleanliness. The 
utensils, bottles, and caps may be ihfected by contact. A further 
menace lies in the use of jsdluted water for washing utensils, 
especially in small dairies where steam is not available. 

When the dejecta of typhoid patients are used for manuring 
the soil, typhoid bacilli may live a long time. How an epidemic 
may l>e started under sueffi conditions is ilhustrated in the above- 
mentioneil typhoid fever epidemic in Springfield, Mass. Kain 
may wash typhoid bacilli from the field into wells, and if this water 
is used for wa.shing utensils infection liccomes possible. Jordan 
and Irons have reported an epidemic of typhoid fever in La- 
Grange, HI., which they traced to an infected shallow well. 

Milk-borne typhoid fever epidemics have l)een traced to car¬ 
riers in many instances. Thus Parker found that in an outbreak 
in Relleville, Ill., 80.3 per cent, of all cases had milk from one 
dairy, and Jordan and Irons reported that in the Hoopeston, Ill., 
epidemic, out of a total of 90 cases, 02 were traced to one dairy 
and 18 to another one. In Ixith epidemics carriers were the causes 
of the infection of the milk. 

Senftner reports an epidemic of typhoid fever due to the 
milk-supply in Bakersfield, California. This epidemic extended 
over a period of more than a year. It was caused by a carrier 
and was intermittent in intensity, owing to the well-known 
fact that the bacilli appear periodically in the discharges of 
carriers. 

That infected water u.sed for washing utensils may become the 
cause of milk-borne typhoid fever is shown in an outbreak at 
Colusa, Califormia, reported by Geiger. 

Swithinbank and Newman give the [lercentages of milk-borne 
typhoid fever epidemics due to various causes as follows: 
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By MM of typbc^ tt the fwm. or milk shop .. 70 Dcr oest. 

1^ MM of typhc^ at tbr faroi 40 ** 

By MM of typhoid at the miUc ahop 30 “ 

By tninc polhited water for dair)* iMirpnmt. lurtboii of puiiutMUt unkoowa .. 30 " ** 

By imanHatiro at the fam or miu ahop umI mwceUaiwoua ... 10 “ ** 

Detailed histories of typhoid fever epidemics are given by 
Swithinbank and Newman, the Bacteriology of Milk; in Hygienic 
Laboratory Bulletin 50, and in Jordan’s article, the C'ase for 
Pasteurization. 

Dysentery and parat^hoid fever may l)e communicated 
through milk, although milk-l)orne epidemics of these diseiutes are 
less frequent than tho.se of typhoid .fever. The method of trans¬ 
mission is similar to that of typhoid fever, and what Inis lxH!n said 
in this ro.six?et applies to dy.si'iitery and panityphoid fever. An 
epidemic of paratyphoid fever due to impro|)er handling and 
bottling has tieen reported by Levine and Emerson. 

Diphtheria.—The transmission of diphtheria through milk is 
a grave possibility, and a considerable numlier of epidemics have 
l)een definitely traced to milk. I'he diphtheria bacillus grows 
well in milk and produces changes which are not or<iinarily notice¬ 
able. It gains acc('ss to milk chiefly from carriers, who emit 
bacilli through coughing, sneezing, loud talking, or direct contact. 
The filthy habit of e.xpectorating into the hands tiefore milking in 
order to lubricate the teats is probably olwolete at pr«!s<uit, but 
undoubtedly has lieen the cause of transmission of diphtheria and 
other throat disrauses through milk. 

Milk lx)ttles from a home in which there is a case of diphtheria 
are subject to infection and should not l)e removed l)efore the 
patient has recovered and before the throat of the patient has 
been shown to lx* free from bacilli. Such lK)ttles slxjuld be steril¬ 
ized with special care Ix'fore using. 

Since domestic animals have l)een known to carry diph¬ 
theria bacilli from one house to another, it is clear that milk 
and cream bottles should protected from contact with these 
animals. 

Diphtheria may Ire derived from the cow, although she is not 
susceptible to the diseiisc in the .sense that human beings are. 
Several investigators, notably Dean and Trxld, have olrserved 
crusts and ulcers on the teats of udders of cows. These lesions 
were caused by diphtheria bacilli and were undoubtedly of human 
origin. 

The methods of dissemination of diphtheria through milk 
is well illustrated in an outbreak at Dorchester, Milton, and 
Hyde Park in 1907. In Bulletin 50 of the Hygienic Labora¬ 
tory the chart which is shown on page 440 explains the routes of 
infection. 
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JH, RBN, LT^, OH, JMB, and CFJ are the fanners produoinft milk. 

A 18 the milk dealer delivi-rinR milk in both Milton and Dorchester. B U 
the milk dealer delivering milk in Hyde Park. 

"pie lines connecting the producing farms and the milk dealers show to 
which dairy the fanner sold his milk. 

The large TOuares represent Milton, Dorchester, and Hyde Park. 

1 he dash-linra extending from A to B into the towns represent the milk 
routes carrying the siippom^ly infectious milk. Elaoh dot represents a case 
01 aipbthena and IS placed on the milk route from which it was supplied. 

“> e. G, and H represent the other dairies selling milk. The lines 
ext^ding from them into the towns represent their routes and are inserted 
to show their frwMiom from diphtheria cases. 


^ Reports of other milk-borne diphtheria epidemics can be found 
in Swthinbank and Newman’s Bacteriology of Milk and in Hy¬ 
gienic Laboratory Bulletin 56. 

Septic sore throat is considered by some authorities the milk- 
bome disease par excellence. Investigations of this disease are 
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of very recent date, and in many cases the epidemics have been 
attributed to milk. Earlier reports, originating chiefly in Eng¬ 
land. traced sore throat outbre^ to the milk of herds in which 
mastitis was found to exist. Therefore it was Itelieved that 
mastitis was the cause of sore throat in man. However, the 
evidence is not entirely convincing, and the fact that mastitis is 
wide-spread would lead to the assumption that sore throat is 
much more common among milk drinkers than it actually is. 
Furthermore, epidemics of sore throat appear chiefly in winter 
and early spring, while mastitis occurs at all seasons without 
distinction. When epidemics of sore throat occur and are traced 
to milk-supplies, it is not difficult to find some cases of mastitis 
in suspected herds, since the diseiuse is common; so common, in 
fact, that some authorities claim there is no herd of cows entirely 
free from it. 

That milk has l)ecn the vehicle of the virus of septic son- 
throat has l)een clearly shown, although contact infection fre¬ 
quently plays an important r6le. Still the true source of infec¬ 
tion has rarely l)een discovered. Winslow has reixirfed an ex¬ 
tensive epidemic in Boston and some neighboring citk's, and has 
traced it definitely to a milk-supply, but in ciisting atsmt for a 
source of infection of the milk he failed to find conclusive evidence, 
and surmised the presence of a human carrier in the dairy. The 
incriminated supply was one of the best ones in the city; excep¬ 
tional care was exercised to guard the milk against infection; and 
constiint scientific control of the milk at all stages of production 
and during handling was exercised. No disease among the cattle 
could !« detected. In an epidemic in Chicago in 1911-12, which 
was traced to a milk-supply, the cases occurred chiefly in limited 
districts, and the writer was able to locate a carrier in the dairy 
who seemed responsible for communicating (he infection. It 
was there stated that “the epidemic may lx- attributed to a par¬ 
tial infection of the milk-supply rather than to infection of the 
whole.” As a matter of fact, the infection gained access to the 
milk after pasteurization. The man who handled the Iwttles 
was suffering from a severe case of septic sore throat, and by 
coughing, sneezing, etc., might have infected the bottles inter¬ 
mittently. This explains the occurrence of cases in groups rather 
than over the whole territory covered by the supply. 

Mastitis is usually caused by streptococci, and investigators 
have concluded that the streptococcus causing septic sore throat 
in human lieings is derived from mastitis. Streptococci may pro¬ 
duce a great variety of pathologic conditions in man, and it is con¬ 
ceivable that the same strain which is the cause of mastitis in cows 
may adapt itself in such manner as to produce sore throat in man. 
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However, there is no reliable evidence to support this 

assumption. Pathogenicity for experimental animals does not 
presuppose pathogenicity for man. When mastitis milk jg 
injected into guinea-pigs it frequently causes lesions, but not 
invHrmhJy. Pupf>el injected mastitis milk and a culture of mas¬ 
titis streptococcus into the stomachs of guinea-pigs, but health, 
temperature, appetite, and digestion remained undisturbed. Feed¬ 
ing guinea-pigs with milk from a cow whose udder was caked with 
mastitis produced no untoward effect. Lameris and Harrevelt 
and Ibs'd and Ward considered mastitis streptococci harmless to 
guinea-pigs, although the latter authors were able to produce 
mastitis in eow.s by injecting mastitis streptococci into the udder. 

The .studie.s of Davis and of Smith and Brown on the rela¬ 
tion of niiisfilis streptococci to human sore throat have thrown 
much light on the question. The latter authors injected guinea- 
pigs with milk containing many leukoc 5 d«s and with one sample 
of milk c(>ntaining streptococci. The guinea-pigs showed no dis¬ 
ease and increased in weight. The authors also injected rabbits 
with three hemolytic streptococci without results. They say, 
“in .searcliing for the particular streptococcus of an epidemic we 
must search for an individual strain ratlier than a type.” They 
conclude that “the streptococci of cow mastitis are different from 
streptococci of human tonsillitis; virulent streptococci of man do 
not cause any appreciable inflammation of the cow’s udder; mas¬ 
titis streptococci do not cause affections in man; the udder of a 
cow inoculated with virulent human streptococci may permit 
certain strains to multiply in the milk ducts.” In explanation of 
the heightened virulence of the streptococci causing outbreaks of 
septic sore throat the authors say, “if bovine, thev must repre¬ 
sent a special stmin rather uncommon, otherwise we should ex¬ 
pect epidemics all the year mund. If human, they may also 
represent some peculiar type or else the product of a temporarily 
increased virulence due to two co-operating factors, reduced viru¬ 
lence on the part of human lieings in the late winter and early 
spring brought about by a combination of untoward living condi¬ 
tions and lx?tter opportunity for rapid passage from throat to 
throat—a proc^ tending to raise virulence in many micro¬ 
organisms.” 

It appears that epidemics of septic sore throat may he dis- 
seminat«l through milk-supplies, but the direct origin of the in¬ 
fection is obscure in most cases. There is little doubt about the 
fact tMt contact plaj-s an important r61e in the transmission of 
the disease. This was shown to be true in the Chicago epidemic, 
and Winslow and Hubbard have emphasized the importance of 
contact in their study of an outbreak of septic sore throat in New 
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York State. The authors tabulated 906 cases, and came to the 
conclusion that, “for the most part, the dLsease was spread by 
contact and in prosodemic fashion, but a small milk or cream epi¬ 
demic was superimposed upon the (jeneral prosodemic spread of 
the disease.” Krumwiede and Valentine came to similar con¬ 
clusions. 

Pathogenic streptococci have no great resistance to heat and 
are probably destroyed by pasteurization temperature. Pas¬ 
teurization of milk is, therefore, the most effective method of 
prevention of this disease. 

Human Tuberculosis.—Dissemination of human tulierculosis 
through milk is conceivable, although it does not .seem to hap[)en 
frequently. Clear records of this mcsle of transmitting tulier- 
culosis are not available, and the insidious on.set of the disea,se, 
together with the uncertain incubation period, render exact ob¬ 
servations difficult. 

However, a tul>erculous employee engaged in milking or hand¬ 
ling milk might spread the infection by coughing, sneezing, or 
direct contact of his hands. 

Asiatic cholera Ls c.ssentially an intestinal disease, and the 
possiirility of the virus entering milk is by no means excluded. 
However, actual ca.ses of cholera resulting from milk infection are 
rare, probably Ix'cause the spirilla die rapidly in milk, and Ixy 
cause carriers of the disejisc are uncommon. 

Scarlet Fever.— A number of epidemics of scarlet fever have 
been traced to rnilk-supplies, but the method of dissemination is 
not quite clear owing to emr ignorance of the caussd organism. 
It has l)een l)elieved that the virus might lie derived from the 
cow, but there is no conclusive evidence to this effect. 

More probable is infection of bottles or utensils either at the 
farm, by the middleman, or in the home. Milk probably Ixx-omes 
infected with the virus of srairlet fever by contact with persons 
in early stages of the disea.se, or fnirn Isittles and utensils handled 
by them. According to Swithinbank and Newman the infection 
can be carried by garments, toys, IxKiks, liedding, etc. Milk 
infection from these objects is conceivable. Dust probably does 
not form a serious source of dissemination. 

Investigation of scarlet fever epidemics is carried on in a man¬ 
ner similar to that of other milk-borne epidemics. Pasteuriza¬ 
tion of milk is an effective preventive measure, as in noany other 
epidemics. 

Poisonous Milk 

Poisoning caused by milk and milk products has been reported 
repeatedly. Real poisoning may be due to the presence of mem- 
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ben of the Bacillus enteritidis aiid paratyphosus group of bac¬ 
teria. Tbiff kind of poisoning: resembles meat-poisoning and may 
be accompanied or followed by infections of the alimentary tract. 
The [xiison is sometimes preformed in the milk. 

The term “milk-poisoning” is occasionally used when babies 
are unable to tolerate milk. The milk may te perfectly normal 
and wholesome, but .some infants have an idiosyncrasy in regard 
to cow’s milk which has never lx«n satisfactorily explained. 
In the.se cases the term milk-poLsoning is misleading, and dairy¬ 
men have la-en wrongfully suspected of selling really poisonous 
milk. 

Accounts of milk-borne epidemics of scarlet fever can be found 
in Kwithinbank and Newman, the Bacteriology of Milk, in Hy¬ 
gienic Laboratory Bulletin .56, and in Jordan’s article. The Case 
for Pasteurization. 

Diseases Derived from Cows 

Any abnormal physical or nervous condition of the cow is 
followed by the production of a milk abnormal both in quantity 
and quality. With acute or chronic diseases the flow may stop 
abruptly. An observant milker may lie of much service in the 
detection of disease, since a sudden decrease in quantity or a sud¬ 
den strange appearance of the milk should be noted at once. The 
cow should l)e immediately separated from the herd and subjected 
to examination. Sometimes the quality shows degeneration lie- 
fore there is a decided decrease in quantity. The milk may ac¬ 
quire an off-tiuste, may coagulate rapidly; the amount of milk- 
sugar, ash, protein, and fat may increase or decrease from the 
nonnal average, and the reaction may turn alkaline, while the 
consistency may become thin or stringy. Any one or more of 
these changes indicate some pathologic condition. The most 
common and, therefore, the moat important disease met with is 
tulierculosis. Foot-and-mouth disea-se is of more common occur¬ 
rence in Europe than in this country, although of late years there 
have lieen several severe epidemics of the disease in the United 
States. Other diseases of le.ss importance derived from cows arc 
mastitis or garget, anthrax, rabies, actinomycosis, botryomycosis, 
cowpox, milk sickness, contagious abortion, and gastro-intestinal 
troubles. In goats Malta fever is of some importance. 

Tuberculosis.—It is difficult to estimate the amount of tuber¬ 
culosis among cattle, since it is almost impossible to examine all 
animals. Tuberculosis is a communicable disease and is caused 
by the tuliercle liacillus, discovered by Koch in 1882. Following 
the discovery of this bacillus the belief was prevalent that bovine 
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and human tuherculosia were cause<l by the same organisin, but 
Theobald Smith called attention to distinct differences between tlie 
human and bovine bacilli. Koch in 1901 went so far as to inti¬ 
mate that the disease in man and cattle was caused by totally dif¬ 
ferent organisms, and that no precautions were necessary to protect 
human life against infection with the bovine bacillus. This state¬ 
ment has so effec'tively stimulated scientific investigation that an 
enormous amount of work has accumulated to indicate that, 
although infections of man with the lM)vine tul)ercle bacillus are 
fewer than infections with the hmnan variety, l)ovinc infections 
and deaths resulting therefrom are frequent enough to seriously 
engage the attention and activity of sanitarians. 

Tulx^rculosis among cattle has Ixith an economic and a sani¬ 
tary aspect. 

The loss of live stock from tul)erculosis is difficult to measure. 
Cattle .suffering from the disease los<> in value whether they are 
beef producers or milkei-s. A single animal suffering from tulier- 
culosis may infect a whole herd. The loss of live stf>ck from 
tul>erculosi8 is enormous. Probably at least 10 per cent, of dairy 
cows are tulsfrcular, and loss among hogs Ls no less. Moore found 
that among 421 herds in New York Stale, 302 contained cattle 
reacting to tulierculin. The total numla-r of cows was 9033, and 
3432 of these reacted. Itussell and Hoffmann, in Wisconsin, found 
363 herds infected among 1.562, and 26;i herds were infected 
through purchase. The financial loss from tuberculosis mnong 
cattle and hogs is difficult to estimate, of course. Not ouly do 
some cattle and hogs die, but others lose flesh and the quantity 
of milk is materially reduced. It is certain that the loss amounts 
to millions of dollars annually. According to Melvin's estimate, 
the total loss among farm animals in the I'niled States is at least 
$14,000,000 annually. 

The most important methods of dissemination of the disi'ase 
are these: 

1 . Contact with infectious material in stables, railway cars, in 
pastures, etc. 

2. Introduction of diseased animals into sound herds, either 
by purchase or by contact at public exhibitions. 

3. Feeding calves on unpasteurized milk, skimmed milk, or 
whey from infected animals. 

1. Tuberculosis is an insidious ilisesse of unknown and prob¬ 
ably variable incubation period. Cows may have the appearance 
of perfect health; they may eat well and show no symptoms of the 
disease and still be afflicted with it. In such cases the lesions are 
usually small. Progress of the disease is more or less rapid, 
according to the resistance of the animal. Sanitary stables. 
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dean animals, good food and water prolong the usefulness of 
the cow and may retard the progress of the disease. One 
of the most important means of communicating tuberculosis is 
through the excretion of large numbers of the bacillus with the 
feces of tul»rculous cattle. It has been estimated that about 
40 per cent, of tulierculous cattle which give no outward indica^ 
tion of the disease discharge tutercle bacilli with their excreta. 
After initial infection there is a period without discharge of tubercle 
bacilli in the dejecta, and this fact complicates the difficulties of 
ridding a herd of tulaTCiilosis. Some bacilli are also expelled 
from the mouth and perhaps from the nose. Since tubercle 
bacilli are discharged in large niimb<!rs with feces, it follows that 
market milk is frequently contaminated with them. 

Examination of raw market milk in large cities in this country 
and in Eurojx; Inis shown that tutercle bacilli are frequently 
presimt. Earlier observations showed even greater frequency of 
tulK^rcle bacilli than later ones, but cannot l)e relied upon, te- 
cause the siwcafic stain for tubercle bacilli wfis depended upon 
for diagnosis. It is now known that there are harmless acid- 
proof bacilli widely disseminated on food and the bedding of 
cattle iind, thert'fore, found in milk, which give a microscopic 
picture similar to that of tuixircle bacilli in milk. Later investi¬ 
gators have de|iended for results upon infection of guinea-p4?s 
that have t)een injected with the milk. To make this test the 
milk is centrifugalized and the stsliment and cn;am united. Tu- 
l)crcle- bacilli rise with the cream and sink with the sediment, 
so tlu>sc two parts of the milk conbiin practically all the bacilli 
present. The mixture is then injected into guinea-pigs. How¬ 
ever, other bacteria in the milk also rist; with the cream and sink 
with the sediment, and are liable to cause infection. Therefore 
in order to obtain as many infections with tulwculosis as pos¬ 
sible, at least three guinea-pigs should t)c injected with one sample. 

Investigators in various cities have given the percentage of 
market milk containing tulxjrcle bacilli at 5 to 17, and even higher. 
A conservative estimate might place the average at 6 to 8 per 
cent. Milk from the same source will not always contain tubercle 
bacilli, and the relative numbers when they are present will vary. 
Therefore it is essential that a series of tests be made from each 
milk-supply. The usual experience is that tubercle bacilli appear 
in the milk intennittently, and that sometimes they are so scarce 
that when several guinea-pigs are inoculatecl but one of them 
will contract tuberculosis. Milk-supplies which contain tubercle 
bacilli at intervals are especially dangerous, since a false sense of 
security may lx* created by not finding the bacilli in every sample. 
It is more important to learn which supplies may occasion^y 
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wntain tubercle bacilli than to determine the actual percentaiie of 
milk infected. 

Since tubercle bacilli are frequently present in milk, it is self- 
evident that milk products may also contain them. Bacilli rise 
with the fat globules; consequently, cream contains more tubercle 
bacilli than the milk from which the cream was separated. Schroe- 
der and Cotton have found that tulwrcle bacilli disappear from the 
skimmed milk and are found in the staliment and cream, whether 
the cream l)e gravity or separator cream. Therefore tulK-rcle 
bacilli may l)e in higher concentration in butter than in milk. 
Furthennore, the bacilli retain their virulence in butter for a 
considerable period. According to the same authors, they are 
not materially attenuated in ordinary sitltcal butter for forty-nine 
days and are highly virulent even after three months. Since 
butterine and ol<H)margariiK' contain some butter made from 
cream or milk, these products are not e.xempt from the jaissi- 
bility of harboring tuUTcle bacilli. 

Since cream is liable to contain tulx'rcle bacilli, any product 
prepared from it tjecomes a menace. Ice-cieam, therefoif. should 
l)e nuwle onlj- of heated cream. In buttermilk the danger is i)rol)- 
ably not great, be-cause, as stated I efore, the bacilli rise largely 
with the fat which is removed as butter. But there remains the 
possibility that buttemiilk may lx; contaminateel with tulKTcle 
i)acilli, and it is not known whether the acid in buttermilk has 
sufficient genuicidal power to destroy tulxTcle bacilli. 

Milk, cream, and buttermilk are always consumed within a 
few days, at the most, and living tubercle bacilli may be present. 
( heese, however, is usually consumed after a iierud of ripen¬ 
ing, and it has Iwii found that tulx'nle bacilli die la-foie the end 
of the ripening jx'riod. Harrison, after a st'ries of exix*riments, 
decided that there is no danger from tiilx'rculosis in Kmmenthal 
and Cheddar cheese, as they are rarely consumed lx>fore they arc 
four months old or more. However, the author found that cream 
cheese is not entirely free from danger, and it is refisonable to 
assume that cheeses which are eaten when fresh, ns cottage cheese, 
for example, may contain virulent tulx'rcle bacilli. 

In the main, tubercle bacilli enter milk from either excreta or 
diseased udders. They may 1* derived from excreta, wliether 
these are dislodged from the coat of the animal during milking or 
from dust in the air. 

In a previous chapter it was shown that there is conclusive 
evidence that bacteria cannot pass through the healthy mammary 
gland. Investigators were puzzled for a long time by the pres¬ 
ence of tubercle bacilli in milk from cows whose udders showed 
no tuberculous lesions. There are two factors which account for 
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this phenomenon, the Srst of which is the existence of acid-proof 
bacilli which, when stained, simulate tubercle bacilli. This dif¬ 
ficulty wa.s eliminated when animal inoculation tests were recog¬ 
nized as the only reliable method of determining the presence of 
tul)erele bacilli in milk. 

The second fact is the presence of large numbers of. tubercle 
bacilli in the dejecta of tuljerculous animals. These dejecta 
communicate laicilli to the milk through the air or by any other 
means which [xjrmit the entrance of cow manure into milk. 
Schroed('r luis made extensive investigations of this subject, and 
has come to the conclusion that the dejecta are the chief source 
of contamination, inasmuch as he found that 40 per cent, of 
tulicrculous cows emitted tubercle bacilli with the feces. All 
investigators do not agree with this opinion, and considerable 
un(!ertalnty is involved in the results obtained, since some olrserv- 
ers biLse their opinions on microscopic examinations, while others 
test the virulence on guinea-pigs. Peterson’s results, for example, 
are by no means in agreement with those of Sclu-oeder. Moore 
has stated that milk is usually infected with tubercle bacilli when 
it is taken from cows with tulwrculous udders. It may, through 
contamination with feces or uterine discharges, l)e infected when 
drawn from cows with open lesions in the respiratory tract or 
organs of reproduction. 

“Tuterclc bacteria are not, as a rule, present in milk of cows 
that react to tulxirculin and which, on careful physical examina¬ 
tion, exhibit no evidence of disease.” 

Jordan and Arms found that 20.66 per cent, of feces from cows 
which were shown to be tuberculous by the tuberculin test and 
by autopsy contained tul)ercle bacilli. 

Unquestionably, a large percentage of tuberculous animals 
discharge tul)ercle bacilli with their feces, and from this source 
the bacteria easily gain access to milk. The consequence is that 
milk from perfectly healthy animals may become contaminated 
with tut)ercle bacilli. 

Diseased udders are surely the most prolific means of infecting 
milk with tut)ercle bacilli. Moore states that “the nmnber of 
tulx>rcle bacteria in market milk would be greatly reduced and 
possibly entirely (?) eliminated by having frequent and thorough 
physical examinations of the dairy cows, and the removal from the 
herd of all individuals showing evidence of disease.” 

Infection of cows with tuberculosis may occur by inhalation 
or by ingestion. The latter mode is probably more common than 
the former and, as a matter of fact, the disease frequently settles 
on the peritoneum. But opinions on the subject are not entirely 
in accord. Tubercle bacilli, like other bacteria, are destroyed by 
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sunlight and injured by diflfuse daylight. Consequently, when 
they are present in feces they are protected from light and retain 
their virulence. Briscoe found tubercle bacilli to live in cow 
manure for seventy-three days when exposed to weather condi¬ 
tions in a pasture in the shade, and for forty-nine davs w’hen ex¬ 
posed to sunshine. It is, therefore, ilesirable to construct stables 
so as to admit plenty of light anti roomy enough to avoid crowd¬ 
ing. Railway cars in which cows are shipped may lie the means 
of communicating the infection on account of crowded conditions 
and the close contact of animals. 

2. The plague may find a permanent foothold if diseased 
animals are ushered into a sound herd or if a tulierculous bull, 
for pairing, lie introduced into the herd. Rspecially is this true 
in large herds. New animals are l>eing purchased constantly, 
and these may be in the initial stages of tulx'rculosis. This can 
be avoided only by purchasing from herds known to t)e fret; from 
the scourge, but whether it is possible to knt)w that a herd is 
entirely free from the scourge is (juestionable. Therefore all 
new animals should tested with tulierculin and retested after 
about six weeks, since the injection of tul)erculin renders them 
immune for a period up to six weeks, a fart which has led cattle 
dealers to deceive purchasers. In the intervals ladween test¬ 
ings the cows should l)e kept separate from the healthy herd, 
and it should l)e made compulsory by legislation that all animals 
responding to the tulierculin test l)e branded in some manner. 

Herds of valuable cattle have l)e<‘n known to contract the 
disease at public exhibitions as a result of coming in contact with 
infected animals or infected discharges. (Irazing on the same 
pasture with infected animals and drinking water from a com¬ 
mon trough are dangerous. 

3. A most prolific source of infection is through the distribu¬ 
tion of whey from cheese factories or of skimmed milk from 
creameries. In Denmark distribution of these by-products is 
prohibited by law unless they are pasteurized, as pasteurization 
destroys tubercle bacilli. It can lie readily understood that 
through the distribution of raw skimmed milk or whey tuber¬ 
culosis can be spread from one herd of cows to another. These 
by-products are frequently used for feeding hogs, and as the latter 
are highly susceptible to tuberculosis there is a tremendous loss 
annually from the ravages of this disease. 

There are two principal methods of diagnosing tuberculosis in 
living cattle: by physical examination and by testing with tuber¬ 
culin. 

Physical examination has its limitations. As stated before, 
cows do not show outward signs of tuberculosis for some time 
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after infection. This period may cover several years. After the 
disease has started to develop certain symptonas begin to be 
apparent. Food does not seem to be well digested, the coat 
tecomes rougli, and the skin loses its normal elasticity. These 
symptoms are followed by a progressive loss of flesh and, later, 
by loss of apfietite, bloating, and diarrhea. If the lungs are 
affected a cough develops, and when the disease reaches the udder, 
hard tumps are felt after milking. When postmortem examina¬ 
tions are made, tuljercles may be found in any organ. The 
tulierclas are .sometimes as small as millet seeds or peas, or may be 
several inches thick. Inside of the tubercles is a cheesy mass of 
yellow color or a dry gritty sulistance. Tubercles of the size of 
millet seeds or peas are freciuently found attached to the peri¬ 
toneum. This form of the disease is called “pearl disease” 
(perlsucht). 

The chief limitation of physical examinations is the failure to 
disclose the disea.se at an early stage. Cows may have the ap¬ 
pearance of perfect health, may give milk of normal composition; 
furnish an abundant .supply of milk; even feed normally, and 
still harlM)r tuixirculous lesions which, in the course of time, will 
develop into advanced tuberculosis. During early stages the 
animal is an unrecognized source of infectious material, endanger¬ 
ing healthy members of the herd and causing contamination of 
the milk.' 

The tuberculin test is sufficiently delicate to disclose the pres- 
enc’e of tulierculosis. Tulxirculin was first prepared by Koch in 
1890. For production on a large scale the procedure is as follows: 
A strain of tuliercle bacilli is cultivated from sputum or from a 
tubercle of an animal dead from the disea-se. The medium for 
isolation may lie agar, potato, blood-serum, or egg medium with 
5 to 7 per cent, glycerin added to the medium. After several 
weeks a surface layer of bacilli will form and a film may cover the 
surface of the condensation water. From the surface growth or 
from the film a small amount is floated on the surface of a medium 
in a large Erlenmeyer flask. This medium Ls prepared as follows: 
One pound of chopped beef or veal is covered with 1 liter of water 
and digested over night. The meat is then pressed out, the vol¬ 
ume brought up to 1 liter, and 1 per cent, pepton and 0.25 per 
cent, sodium clilorid dissolved. The solution is boiled and fil¬ 
tered, the reaction adjusted to 0.75 to 1 per cent, acid to phenol- 
phthalein, and finally filtered again and sterilized. It need not 
be perfectly clear. It is then filled into Erlenmeyer flasks, each 
flask to contain 100 to 250 c.e. Tubercle bacilli contain a rela¬ 
tively large amount of phosphorus, and Dorset recommends, 
therefore, to add } per cent, of acid potassium phosphate. 
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After inoculation the flasks are inculmted at 37® C. When 
the surface is covered ivith a heavy film the fluid is shaken care¬ 
fully so as to cause the film to sink, leaving enough surface growth 
to start a new generation. This process is ivpi'ated sc'veral times. 
The length of time nxjuired for sufficient growth is from four to 
twelve weeks. When freshly isolati'd strains are user! the inculm- 
tion period is longer than when strains have IsH-n n'ciiltivatwl for 
some time and have In-eome habituatisl to the medium. Viru¬ 
lence of the organism is gradually lost, Imt the poHlucts are such 
as to produce an efficient tuls-rculin. After the incubation fM'riod 
the flasks are placer! in a hot-air oven until the fluid boils. This 
destroys all living bacilli. The cotton plugs art' removed, the 
fluid filtered, and ('vaporated o\('r a watr-r-bath. Koch eva|x>- 
rated his tuberculin to one-tenth the original volume. When the 
desired volume has Ix'cn attained, 0..") [xt cent, carlxdic acid is 
added as a preservative. For use on hum.an Ix'ings tuix'rculin is 
finally filtcit'd through a Ilerkefcld filter for coniplctr-sterilization. 
The finished prrxluct is kept in si'aled bottles in the dark. 

Standardization of tuIxTculin is not very satisfactory, but 
several mctlaxls are in use. The amount of tuberculin nece.ssary 
to produce a rise of 4° to .')° ('. in a guiiuai-pig of 1 ixamd weight 
forms one .standard; by another tlu' :miount of tuix'rculin neces¬ 
sary to kill a tulx-rculous guinea-pig is determined. Sometimes 
the amount of aci<l produced by the tutx'rcle bacillus serves as a 
guiile. It is assumed that the amount of acid corres|x)nd.s to the 
growth that h/is taken place. 

It takes considerable experience to make a lest with tulxTcu- 
lin for tulx'rculosis in cattle. The normal temperature of cattle 
is not always the same, varying from 1 to 3 degnx's, according 
to such circumstances as warm weather, the us(' of cftld drinking- 
water, or to disturbances in health. The tern|X'rature in dif¬ 
ferent individuals is not quite uniform. The avc'rage for cows 
is 101° to 102° F., probably nearer to 102° F. in the majority of 
cases. The Ix'st season for the tt'st is when the we.'ithcr is cool 
and the animals are kt'pt most of the time in stables. The tem¬ 
perature of the animal to lx- tested is taken during the day every 
two or three hours and the tuix'rculin injected in the evening of 
the same day. Commencing early the next morning the tem¬ 
perature is taken again at regtilar intervals. The temperatures of 
the previous day and of the day following injection aix' then 
plotted on a chart and the curves compared. A sample of such 
a chart is shown in Fig. 190. 

If the maximum temperature after injection is 2° F. or more 
above the normal tempt'rature, tulxtrculosis is indicated. A rise 
of 1.5 degrees is suspicious, and the animal should be retested 
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after about .‘-ix weeks. Injections are usually made subcutane- 
oun/y in front of the shoulder. 

The tulxreulin reaction is considered an anaphylactic phenome¬ 
non. The “sensitizing” dose is the result of broken-down cells of 
the tubercle Imcillus. Therefore if the animal is diseased the injec¬ 
tion of tulwrculin is the “intoxicating” dose which brings on the 



temperature reartion. If the animal is free from tuberculosis 
there will lie no reaction followinij the injection of tulierculin. 

Tulierculin is sometimes injected intradermally instead of 
subcutaneously. Haring and Bell claim that the intradermal 
method, which depends upon a local swelling and not on a rise 
m temperatun*, is preferable to the subcutaneous method under 
conditions that may modify the temperature curve, such as hot 
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weather, fatigue, use of cold drinking-water, etc. The ocular 
method is al-so used occasionally, and has the advantage over 



Fig. 102.—A t\ib(*rculin tost outfit. (Wiird and Haring, Hull. No. 100, Univ. 
of California Agri. Exj). Htn.) 


other methods in that the ohserwr can compare (he normal, 
untreated eye with the ('ye receiving tla* tulK'rculiii tn'almc'nt. 



The diagnostic value of tuberculin is variously stated to lie 
95 to 98 per cent, correct. There are several limitations to the 
test. When the disease has reached the last stages animals may 
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not react, but in such cases physical examination is reliable. 
Sometimes animals but slightly affected do not react, the tubercle 
not having developed typically (occult tuberculosis); on the other 
hand, reacting animals sometimes fail to show lesions on post¬ 
mortem examination. In the hands of experienced and careful 
veterinarians, however, it rarely happens that lesions are not 
found in reacting animals. The percentage of failures is really 
very small and cannot lx; used successfully as an argument against 
the efficiency of the tulwrculin test. 

The use of tuterculin as a diagnostic means for tuljerculosis 
has aroused much antagonism among producers. Among the 
prejudicej? existing is the claim that tuWculin has caused dis¬ 
eases and abortions in cows. Careful otwervation has invariably 
failed to confirm such claims. Abortion is a common malady 
among cows and has never been succes.sfully traced to tuljerculin 
injections. The fever produced by tulx!rculin in reacting animals 
and other slight derangements disapix;ar, ivs a rule, in forty-eight 
hours. Another source of pr(;judice is the immunity caused by 
the injection of tuIxTculin. This immunity may last for six weeks. 
An animat retested during this period will not react, and producers 
have used this phenomenon as an argument against the relia¬ 
bility of tulx'rculin. Unfortunately, this same immunity has 
Ixxjn created in cattle by unscrupulous dealers. The purchaser of 
cattle that are ‘‘do|x;d” with tulxjrculin finds them immune when 
tested and lx;lieves them to l)e free from the disease. A subse¬ 
quent teat then shows the deception. In any ciise it is essential 
that a reliable preparation lx; used for this test. 

The producer often fails to realize that a herd free from tulx;r- 
culosis is more productive of profit than an infected herd. Al¬ 
though tulx-rculous cows in the initial stages of the disease may 
yield normal quantities of milk, their period of usefulness is rela¬ 
tively short, and consequently the profit to the producer not what 
it might l)e. The same argument holds good for beef cattle. 
However, the temporary loss is sometimes enormous, and it is 
only fair to the cattle owner that the community bear part of the 
loss caused by slaughtering consumptive cattle. Unless the dis¬ 
ease is far advanced the lx>ef value remains. Tuberculous cattle 
are condemne<1 !vs food only when they are in advanced stages of 
the disease. Danger to human health from the use of infected 
meat is slight, since the bacilli are destroyed by cooking—roast¬ 
ing, for example. When the carcase is a total loss an in¬ 
demnity should be paid by the state or city. Only by such 
means is it possible to interest the producer in freeing his herd 
from tul)erculosls. At best, this is a lengthy and expensive 
process. The antagonism of producers has led in a few cases to 
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legislation which forces milk from tuberculous cows upon the 
consumer. 

There are two systems in vogue in different countries for rid¬ 
ding herds of tuberculous cattle and at the same time minimizing 
the temporary losses. The system practised first in l>inmark is 
known as the Bang system. Under this system all animals are 
tested with tulierculin. Reactors are separafe<l frtan non-reac¬ 
tors by being placed in different stables or in divided stables. Tli^e 
two herds never come in contact with each other and occupy 
separate pastures when out of dot)rs. All animals with advanced 
tuberculosis are slaughtered, t'alves from infected animaLs are 
removed imine<liately after birth and fed upon pasteurized milk 
or milk from healthy cows. The calves, when old enough, are 
placed with the herd of non-reactors. This herd is then tested 
every six months and reacting animals removed. Thus a herd 
free from tul)erculosis is raised and the diseased animals gradually 
eliminated. In the meantime reacting cows are usc'ful for br(*ed- 
ing purjwses and for producing milk to lie pasteurized for feeding 
calves. 

The Ostcrtag sy.stem originated in (iermany. This system 
is based on clinical examination instead of tulerculin testing. 
All animals showing lesions on clinical examination are slaugh¬ 
tered. t'alves from all other cows are removed immediately after 
birth, are kept se|)aratc, and are fed on |)asteurize(l milk or on 
milk from healthy animsis. Later they are placed with the 
other cattle, ('linical examination Ls reix'ated fr<a)uent!y. 

While the Bang system eliminates all cows suffering from 
tuberculosis, no matter how insignificant the lesions, the Ostertag 
system removes only advanced cas<‘s, on the theory that infection 
is spread chiefly by the latter, and that infection from early cases 
is so slight as to lie negligible. That this theory is correct is by 
no means generally lielieved. Animals showing no outward 
signs of tuberculosis hav'e l)een known to disseminate tulx^rcle 
bacilli with their excreta. It happens also that infection of the 
udder is not recognized for some time, with the result that tuliercle 
bacilli are discharged directly into the milk. The Ostertag sys¬ 
tem, therefore, cannot l)e as successful as the Bang system. 

Both methods entail considerable loss to the herd owner. In 
Denmark owners are permitted to use milk from reactors with 
milk from healthy cows, since it is suf)sequently pasteurized. 
Only milk for infant feeding is excepted. Also, there are no 
restrictions on the selling of infected animals. In countries where 
such restrictions exist producers suffer great hardships. 

The International Commission for the Control of Bovine 
Tuberculosis recommends the following procedures; 
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not react, but in such cases physical examination is reliable. 
Sometimes animals but slightly affected do not react, the tubercle 
not having developed typically (occult tuberculosis); on the other 
hand, reacting animals sometimes fail to show lesions on post¬ 
mortem examination. In the hands of experienced and careful 
veterinarians, however, it rarely happens that lesions are not 
found in reacting animals. The percentage of failures is really 
very small and cannot lx; used successfully as an argument against 
the efficiency of the tulwrculin test. 

The use of tuterculin as a diagnostic means for tuljerculosis 
has aroused much antagonism among producers. Among the 
prejudicej? existing is the claim that tuWculin has caused dis¬ 
eases and abortions in cows. Careful otwervation has invariably 
failed to confirm such claims. Abortion is a common malady 
among cows and has never been succes.sfully traced to tuljerculin 
injections. The fever produced by tulx!rculin in reacting animals 
and other slight derangements disapix;ar, ivs a rule, in forty-eight 
hours. Another source of pr(;judice is the immunity caused by 
the injection of tuIxTculin. This immunity may last for six weeks. 
An animat retested during this period will not react, and producers 
have used this phenomenon as an argument against the relia¬ 
bility of tulx'rculin. Unfortunately, this same immunity has 
Ixxjn created in cattle by unscrupulous dealers. The purchaser of 
cattle that are ‘‘do|x;d” with tulxjrculin finds them immune when 
tested and lx;lieves them to l)e free from the disease. A subse¬ 
quent teat then shows the deception. In any ciise it is essential 
that a reliable preparation lx; used for this test. 

The producer often fails to realize that a herd free from tulx;r- 
culosis is more productive of profit than an infected herd. Al¬ 
though tulx-rculous cows in the initial stages of the disease may 
yield normal quantities of milk, their period of usefulness is rela¬ 
tively short, and consequently the profit to the producer not what 
it might l)e. The same argument holds good for beef cattle. 
However, the temporary loss is sometimes enormous, and it is 
only fair to the cattle owner that the community bear part of the 
loss caused by slaughtering consumptive cattle. Unless the dis¬ 
ease is far advanced the lx>ef value remains. Tuberculous cattle 
are condemne<1 !vs food only when they are in advanced stages of 
the disease. Danger to human health from the use of infected 
meat is slight, since the bacilli are destroyed by cooking—roast¬ 
ing, for example. When the carcase is a total loss an in¬ 
demnity should be paid by the state or city. Only by such 
means is it possible to interest the producer in freeing his herd 
from tul)erculosls. At best, this is a lengthy and expensive 
process. The antagonism of producers has led in a few cases to 
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six months’ test, annual tests should thereafter be made. All 
reacting animals should at once be separated from the new herd 
and the stables which they have occupied thoroughly disin¬ 
fected. 

“4. The milk from reacting animals may be piuiteurized and 
used. 

“5. Any reacting animal which develops clinical symptoms of 
tuberculosis should lie promptly slaughtered. 

“6. An animal that has once reacted to tulierculin should under 
no circumstances be placed in the sound herd. 

“7. As soon as the herd has l)ecome well established, infected 
animals should lie slaughtered under pro[)er ins|)ection. 

“(Iroup S.—Herds where a large number (15 to 50 per cent.) 
of the animals are diseased. The proceduie is as follows: 

“Herds that come within this group should Ik; dealt with either 
as in Group 2, where the herd is separated, or as in (Sroup 1, 
where all of the animals are considered as suspicious and an 
entirely new herd developed from the offspring.’’ 

When a .stable h.os been occupied by tulierculous animals it should 
be disinfected twfore a sound herd is admitted. Gaseous disinfect¬ 
ants are not suitable, since it is difficult to seal a barn tightly 
enough to prevent leakage of the gas. Milk of lime or, l)elter, milk 
of lime with 1 pound of chlorid of lime for each 3 gallons, crude 
carliolic acid, and liijuor cresolis conifxisitus, I'. S. I’., are recom¬ 
mended for disinfection. Milk of lime with chlorid of lime is 
probably the lx's! all-round disinfectant for a stable, as phenol 
compounds have a strong odor which may Ik* imparted to the 
milk. Before disinfection the walls, ceiling, tl(K)r, and all fix¬ 
tures should l:>e washed. The flisinfeetant is then sprinkled on 
all surfaces. Mangers can Ik* washed with a strong solution of 
copperas. Bedding and other loose mnteriid should !« burned. 
The grass in pastures whei-e tul)erculous cattle have grazed 
should be plowed under or burned. 

Immunizing cattle against tul)erculo8i8 was first tried out by 
Koch, while an antitoxin was prepared by Maragliano. Several 
investigators have followed similar lines of work, with the result 
that a temporary immunity was establi.shed, but none of sufficient 
duration and intensity to be of practical value. Injection of 
human bacilli into cattle also produces a limited degree of im¬ 
munity. Von Behring’s “bovovaccine,” an attenuateci culture of 
living tubercle bacilli of the human type, has Itecn tested rather 
extensively. Experiments with bovovaccine have lieen carried 
out by Russell and Hoffmann. The authors conclude that in 
view of the expense connected with the process, and since only 
young cattle can be treated, the practical usefulness of the treat- 
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ment is questionable. Other difficulties present themselves, such 
as the length of time required to Snish vaccination and the neces¬ 
sity of keeping the vaccinated animals separated from each other. 
Furthermore, in spite of vaccination, some animals become in¬ 
fected with tuberculosis and the immunity is always short-lived, 
lasting for a period of from one to two years. As a practical 
method for combating bovine tuberculosis, vaccination has proved 
a failure up to the present time. 

It is clear that from an economic standpoint eradication of 
bovine tuberculosis is much to be desired. Another aspect of 
the question is the relation of the disease to human health. Milk 
is one of the mo.st imixirtant articles of diet, especially in infancy. 
It has been shown that milk is frequently contaminated with 
living tubercle bacilli of the Ixivine type. The infectiousness of 
Ixivine tubercule bacilli for man is, therefore, a question of ut¬ 
most importance. Tuberculosis is the commonest disease of man 
and of cattle alike. It has been stated that Theobald Smith was 
the first to prove conclusively that there are differences between 
bacilli of the human and bovine types. Human bacilli gain 
access to the system through inhalation, although infection of the 
alimentary tract from contaminated food may play an imjxirtant 
r61e. Tubercle bacilli enter chiefly with food, except in the case 
of accidental, external infections contracted by veterinarians, 
butchers, and others occupied with .slaughtering cattle. 

It was formerly telieved that inhalation was by far the most 
common means of infection. For some years this view has lost 
f^ound, and proofs are accumulating which lay stress upon infec¬ 
tion through the digestive tract. It ha.s lieen shown that tuliercle 
bacilli can pass through the intestinal mucosa ami through the 
mesenteric glands. Intestinal tulierculosis is relatively rare in 
adults. In infancy the mesenteric glands are easily affected. 
Consequently, intestinal tulierculosis is much more common 
among infants than among adults. Moreover, it has been shown 
that dust particles do not penetrate the lungs, as a rule, beyond 
the first branches of the bronchi. Tuberculosis of the lungs 
commences in the capillaries, and this has been considered proof 
of the hematogenous origin of the disea.se. 

Transmission of tuberculosis through the air is now consid¬ 
ered to be leas frequent than it was formerly believed to be. Of 
course, tubercle bacilli are emitted with sputum of patients, but 
the sputum is a sticky, gummy substance which is difficult to 
break up and which settles quickly. By the time sputum is so 
completely dried and pulverized that it can be carried into the 
au as dust, the bacilli have been exposed to sunlight and desicca¬ 
tion for a long time. The majority of bacilli are probably do- 
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stroyed and the surviving ones attenuated. The danger from 
inhalation is naturally greater in houses than in the open air, 
because the effect of sunshine indoors is limited and the dust 
raised may carry tubercle bacilli that have not been seriously 
affected by light. 

Communication of tulierculosis through sputum is probably 
not as important as has lieen generally lielieved. The bacilii 
which gain entrance through the intestinal tract are cjirried there 
with food. Bovine bacilli introduced with milk or milk prixlucts 
have not been exposed to adverse coiulitions as have bacilli in 
sputum. In milk and butter they have In'cn shown to retain 
virulence for several months, and they can, therefore, reach the 
intestinal tract in fully virulent condition. The relation of 
bovine tulierculosis to human health hinges on the (jiiestion of 
infeetiousness of tuliercle bacilli of the l«)vine ty|w for man. 

Koch stated in HK)1 that the question whether man is sus¬ 
ceptible to lx)vine tulx'rculosis has not Ixx'ii detinitely siUtled, 
but that if such a susceptibility exist.s if is very rare, lie stated 
that he believed that no six'cial protective mea.sures were neces¬ 
sary. \’on Behring takes the opix)sife view, believing that tulsT- 
culosis in man is commonly contracted in childhtxHl through 
drinking infected milk. Both views may lx- extreme, but an enor¬ 
mous amount of work has shown that man is susceptible to bovine 
tuberculosis, and that, especially among ehildri'ii, the ix-rcentage 
of cases due to lx)vine infection is considerable, it is unneces¬ 
sary to discuss in detail the work of many Kuroixain and .-Vmerican 
investigators whose results are very concordant, ('ommissions 
were appointed by the English and (lerman governments to 
investigate the question and a great deal of work has l)een done 
in the government laboratories in Washington, D. C., and in a 
number of State Experiment Stations. I'he most comprehensive 
work on this subject was publLsheii in two paf)ers by Park and 
Krumwiede. These authors investigated 1242 cases sent to them 
at random from various hospitals. The results show that among 
adults of sixteen years or over suffering from tulxirculosis—1.27 
per cent.; among children Itetween five and sixteen years—23.53 
per cent.; and among children l«low five years--23.21 jxt cent, 
were infected with bovine tul)ercle bacilli. The two types were dis¬ 
tinguished by cultural characteristics—morphology and virulence 
for rabbits. The medium used for cultivation was glycerinated 
egg medium and glycerinated potato. The presence of glycerin 
favors clear distinction of properties. The chief differences l)e- 
tween human and Ixivine tubercle bacilli may be summarized as 
follows (Park and Krumwiede.): 
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Bovine. 

Growth more or less moist, not ad¬ 
hering to the surface of the me- 
(iiiim; is diffusible in NaCl solution 
or broth; initial growth is always 
sparse; pigment appears only after 
long cultivation. 

In glycerin broth alkali is produced 
until original acidity has been 
neutralized, terminal reaction al¬ 
kaline. 


Human, 


Growth is raised, wrinkled, dry - ad 
heres tenaciously to the m4um- 
diffuses with difficulty in Kaci 
solution; growth luxuriant; * pia 
ment formation marked. “ 


In glycerin broth alkali is produced 
untd acidity is nearly neutralized 
then acid increases until original 
acidity is reached or exceeded. 


After isolation bacilli are shorter and 
plumper than the human type. 
After cultivation they stain evenly. 

•An' highly pathogenic for cattle, 
causing generalizid tuberculosis, 
which usually tenninates fatally. 

0.01 mgr. of surface growth injected 
intravenously into rabbits causes 
irogressive generalized tubercu- 
osis, formicating fatally in forty- 
five to sixty days. 

Guinea-pigs highly susceptible; gen¬ 
eralized tuberculosis after injec¬ 
tion. 


After isolation bacilli are longer than 
bovine type, and after cultivation 
stain mievenly. 

Pathogenicity for cattle slight; tu¬ 
berculosis local and recovery usual. 


0.01 mgr. of surface growth injected 
intravenously into rabbits causes 
eithi'r no lesions or lesions con¬ 
fined locally to organs; never pni- 
gressive tuberculosis. 

Guinea-pira slightly susceptible; 
tuberculosis usually localized, or 
generalized only after several 
months. 


There are many observations on record which seem to show 
that there are transient forms Ijetween the two extreme types. 
Park and Krumwiede state, after careful study of the evidence: 
“Each type shows certain differences, the most imptirtant for 
separation lieing those found culturally and in vinilence. The 
great tiiajority of cultures group themselves around two extremes, 
from which there are a few cultures showing variant character¬ 
istics. There is no overlapping of characteristics. 

These two types are probably different liecause of re.sidence 
in different hosts over long periods of time, and as such are stable. 
The evidence in favor of rapid change of type is incomplete and 
inconclusive.” 

The authors e.vpla.in reported findings by insufficient control 
observations. Inoculation of human tubercle bacilli into calves 
Mil repeated passage through calves had led some observers to 
believe that the original human strain was converted into a 
bovine strain. In these cases either virulence was increased, 
with no correlation of changed culture characteristics, or when 
culture characteristics were changed apparently a natural infec¬ 
tion of the calves with bovine bacilli had existed so that mixed 
cultures were obtained. In other cases cultures were studied 
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before they were many generations old. As a matter of fact 
after a number of generations the culture characteristics of the 
two strains approach each other and differentiation liecouM* more 
difficult. On the other hand, human beings have been infected 
with bovine tubercle bacilli in slaughter house's, and later pul¬ 
monary tuberculosis and tulierculosis of internal organs have 
developed. It is possible that the original infection with Inn-ine 
tubercle bacilli was superimposed upon infection from human 
sources. In all these cases transformation of the two types of 
tubercle bacilli is not a necessary conclusion. 

It is clear that the iiovine tvfie of tuleercie bacilli is distinct 
from the human type, and that tlie human type is more virulent 
for man than the Ixivine tyjx!. In adults tuberculosis caused by 
bovine bacilli is rare and miglit perhaps lx* called negligible, if 
it could be safely assumed that Von Behring’s theory of infection 
in childhood is incorrect. In children Ixivine infections constitute 
about one-fourth of all cases of tulierculosis, and 0| to 10 per cent, 
of the total fatalities from tulx'rculosis among children are due 
to bovine infections. This is surely not a negligible quantity. 
The necessity of freeing milk-supplies from living tul)ercle bacilli 
is obvious. This problem must l)e attacked, and has Ix-en at¬ 
tacked with some success by two prex-edures: 1, Through eradica¬ 
tion of tuberculosis among milk cows, and, since this nxiuires 
much time for successful completion, 2, by pasteurization of all 
milk. 

The following figures given by Kiernan show what has txicn 
accomplished toward the eradication of tul)erculo8is among cattle 
in the District of Clouinbia during the yeai-s 1910 to 1917: 


THE ERADICATION OF TrBB:RClT/)SIF IN THE DIHTRirT OI ('(>U MBIA BV THE IHE OF 
THE TUBERCULIN TEST 

ToUi Dumlirr of csttlr 


Fncftl year. 


rcrrecUttf’ r«art«d 

1910 ... 

1701 

18 87 

1911 .. 


1967 

3 71 

1912... 


i:i90 

2 30 

1913 


im 

1 83 

1914 . 


I62h 

2 03 

1915 . 


107H 

1 76 

1 10 

1916 


1184 

1917 .... 


1060 

0 84 

Total . . 


11.M2 

Avencr 4 OH 


Foot-and-mouth Disease.—This disease is widely dissem¬ 
inated in European countries, and quite a numlxjr of sudden 
epidemics have been experiencefl in this country. The causi' of 
this disease is an ultramicroscopic organism. It is an affection 
of the mucous membrane of the mouth and of the skin between 
the toes and above the hoofs. Vesicles form and later rupture. 
Sometimes the udder is affected. The milk from diseased cows 
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suffers the loss of solid constituents, except the ash, which remains 
constant or even increases. The disease is highly infectious for 
cattle. Infection of man takes pJace by consumption of infected 
milk or sometimes by contact. In man vesicles form on the 
mucous meinl)rane of the mouth, sometimes on the hands, ears, 
breast, and arms. Temperature accompanies the other symp¬ 
toms. The digestive tract is affected, and vomiting and diarrhea 
follow. Children are very susceptible to the disease, but the 
disease; is rarely fatal. Efficient pasteurization of the milt- de¬ 
stroys the infection. 

Mastitis, or garget, is a disease of the udder which is very 
wide-spread, much more so than is generally assumed. It has 
been stated by .some authorities that there is probably no herd 
that is entirely free from mastitis. The disease assumes either a 
chronic or an acute; form. Symptoms in the chronic form may be 
sufficiently insignificant to escajie attention for senne time. There 
are intermediate stages between the two forms, so it is not sur¬ 
prising that cases of mastitis are actually found in herds which 
have been subjected to a painstaking examination and which have 
been thought to lx; free from the disease. 

When cows suffer from mastitis the milk undergoes material 
changes in appearance, taste, and composition. These changes 
are more pronounced as the disease becomes more acute. Dur¬ 
ing chronic attacks or at the commencement of the acute stage of 
the disease, the changes are slight and sometimes difficult to detect. 
In well-developed, acute cases parts of the blood pass into the 
milk and the number of body cc'lls lx?('ornes enccrmously increased. 
However, there is no definite relation established lx!tween the 
nuinW of body cells and pathologic conditions. If the disease 
IS acute the udder enlarges, the temperature rises, and the milk 
tecomes stringy, bloody, or yellow. During chronic attacks the 
changes progress slowly. At first the milk seems normal, but 
later becomes thick, slimy, and may contain red blood-cells. 
On stamlmg, a yellowish sediment appears. Instead of becom¬ 
ing thick and .slirny, the milk may appear thin, as though watered, 
rhe taste turns bitter. It is a relatively easy matter for the milker 
to detect ttw^ changes in the milk if he is attentive. Close ques¬ 
tioning of milkers by a veterinarian may give much aid in locating 
affecterl animals. When the milk becomes thin a laboratory test 
may give the impression that the milk has been watered. This 
is an additional argument to show that single tests should not be 
relied upon to judge the quality of milk. 

The following are the most common changes which may arouse 
suspicion; The fat content may become abnormally high or low; 
the lactose may diminish; the total solids and plasma solids may 
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decrease; heat-coagulable albumin may increase remarkably 
while casein decreases. The reaction is decideiilv alkaline S 
alcohol coagulates mastitis milk without the presence of acid 
Some enzjrms, especially catalase, increase in quantitj' t’oairula- 
tion due to acid or rennet action is usually delayed. 

Mastitis may be caused by several kinds of bacteria but 
streptococci are by far the most common cau.sc. Other organ¬ 
isms are Bacillus coli and staphylococci, and occasionally mem¬ 
bers of the paratyphoid gToup of bacilli. 

Streptococcus mastitis is extraordinarily common. Once it 
has gained a foothold in a herd, it is difficult to eradicate, esjie- 
cially if the pernicious habit of sjiilling the first few strea’ms of 
milk on the floor is practised. By this means inasfitis streptococci 
are disseminated through the air and by direct contact. With 
increasing care and cleanliness dissemination iK'comes less general. 

The intensity of the disea.se deiiends upon several factors, the 
most imixirtant of which is fierhaps the relatii’c virulence of the 
organism, which, as is well known, may vary within wide limits. 
The affected part or parts of the uddiT, as a rul<‘, degenerate' ns a 
consequence of the disease. In many ca.s('s the animal lu'ver 
recovers. The individual suseeidibility is an imjiortant factor, 
and accidental lesions of the udder may afford opportunity for 
the streptococci to gain a foothold. 


It is of importance to recognize cases of mastitis at an early 
period of the disea.se. dinical examination will frequently fail 
if the dii^easc is in its initial stage or is of the slowly developing, 
chronic type. Certain lalxiratory tests have Ik'cii devised for 
the discovery of the dise.a.se. Some of the tests are based on the 
presence of body cells in large numbers accompanied by long 
chained streptococci; other tests are the catala.se test (.see page 237) 
and the alcohol te.st (see page 208). 

Much importance has las'ii attached by some sanitarians in 
the past to the number of leidoailen in milk. Met Inals for enu¬ 
merating leukocytes have lieen devised by several authors. The 
commonest one is the smearwl sediment test, which consists in 
smearing the sediment of centrifugalizi'd milk on a slide, fixing 
and staining with methylene-blue, and counting the cells in a 
field of the immersion lens. The first method was devised by 
Stokes and W’egefarth. Ten c.c. of the milk were placed in a 
centrifuge and whirled for five minutes. After the sujx'rnatant 
fluid was poured off a hxipful of the seiiiment was spread on a 
slide, the fat dissolved with ether, and the film then stained with 
methylene-blue. Ten fields of the microscope were counted and 
the standard fixed at five cells per field. Atiove this numlier, 
pus was supposed to be indicated. From five cells piT field the 
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Standard was raised to ten by Sergey. The method is evidently 
inaccurate. 

Slack’s modification of the method is used in many labora¬ 
tories. The milk is placed in small tubes, each end of which is 
closed with a rubter stopper. The tubes are then centrifuged, 
and the sediment and cream—both of which adhere to the rubber 
stoppers-are spread on a slide, stained, and examined micro¬ 
scopically. 

An irnprovetl method was proposed by Doane and Buckley. 
It was modified by Russell and Hoffmann, who found that cell¬ 
ular elements are precipitated with greater ease and that a larger 
count is obtained from heated milk than from raw milk. The 
method is carried out as follows: The sample of milk is heated 
to 85° C. for one minute. Ten c.c. of the heated sample are then 
whirled in a centrifuge at a speed of. about 2(X)0 revolutions per 
minute for twenty minutes. The cream is removed with a cotton 
swal). The supernatant milk is removed with a pipet, leaving 
0.5 c.c. of milk. Two drops of a saturated alcoholic solution of 
methylene-blue are added to the sediment, and then the tube is 
kept in boiling water for two or three minutes. Enough water 
is added to bring the volume to 1 c.c. A Thoma-Zeiss blood 
counter is userl for counting the cells. The cells should be counted 
in several hundred sejuares to obtain accurate results. The aver¬ 
age numlKsr of cells counted per square is multiplied by 200,000 
to arrive at the numter per cubic centimeter of milk. 

Trommsdorff proposed a method radically different from the 
foregoing ones. This method calls for special tubes which are 
drawn out to capillary points. They are graduated from 0.001 
to 0.02 c.c. Ten c.c. of milk are whirled for a few minutes at a 
speed of 1500 to 2000 revolutions per minute and the amount 
of sediment read in the graduated capillary tube. If the sedi¬ 
ment is yellow or pink, there is reason for suspicion. The sedi¬ 
ment may be large on account of dirt in the milk and, conse¬ 
quently, the test is not always reliable. 

The latest and most accurate method is the one devised by 
Prescott and Breed. The sample is well shaken and 0.01 c.c. 
removed with a specially constructed pipet with a rubber bulb. 
The amount is spread evenly over 1 sq. cm. of an ordinary slide. 
The smear is dried by gentle heat, the fat dissolved out with 
xylol, and the slide then immersed in alcohol for a few minutes 
for fixation. The slide is then dried and overstained with meth¬ 
ylene-blue and decolorized with alcohol. The cells show up clearly 
in a blue field, the background consisting of the dried plasma 
solids. Smears should be made in duplicate, as it is sometimes 
difficult to obtain an even spread. The diameter of the field is 
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then adjusted by means of the draw-tulie to equal 0.16 mm. 
Each field then represents 0.005 sq. cm., and each cell seen is 
equal to 500,000 per cubic centimeter of the sample. For accu¬ 
rate work a hundred fields should be counted. For routine work 
a lower power can be used and a smaller nuiul)er of field.s counted. 

The method of Prescott and Breed has thrown considerable 
light on the significance of cellular elements in milk. I’he authors 
have shown that by centrifuging milk the numl>er of cells thrown 
into the sediment may Ije all the way from one-fortieth to one- 
half of the actual number present in milk. The balance rise with 
the cream, except a relatively small numl)er which remain on the 
surface of the sediment and just l)elow the lower line of the cream. 
(Consequently, the number of cells in the sediment is so variable 
that no reliable estimate can 1 h‘ made. By the new method the 
cells are evenly distributed and enumeration is fairly accurate. 

Sanitarians have placed faith in certain maximum numliers 
permissible. With the evolution of better mcflKKls the standanls 
have been raised from time to time. Now Prescott and Breed 
report finding 10,6i)(),(X)0 cells i)er cubic centimeter in a milk of 
apparently normal condition. 

In a later paper Breed amplified on the sanitary significance 
of cellular elements in milk. It is known that milk under some 
conditions, aside from mastitis, contains large numlx'rs of cells. 
Colostrum milk and milk during the last wwks of lactation, M 
stated before, contain exceedingly large numliers of cells. It is 
quite natural, therefore, that examination of a herd will show 
some memliers present which are in initial or terminal stages of 
lactation, or individuals that are suffering from actual disease. It 
is not surprising when a relatively high leukocyte count has tieen 
the cause of investigation that some abnormal milk is actually 
found, since some abnormal milk, in small quantity at least, is 
produced by almost everj' herd. BicikI has found the number of 
cells in normal milk to lie variable even in the milk from different 
quadrants of the same udder. The largest numlier is found in 
the strippings. The same author found 54,300,000 cells in the 
strippings of an apparently normal cow, and stateil that no ill 
consequences followed consumption of this milk. In the milk of 
122 cows in apparently normal condition he found 41) per cent, 
with less than 500,000 cells per cubic f^ntmeter, 29 per wnt. 
with 500,000 to 1,000,000, and 22 per cent, over 1,000,000. The 
author states further that with the data available there is no rela¬ 
tion traceable between the high number of cells and streptmxx^ 
infections of the udder; other pathologic conditions; colostral imUt; 
milk from the terminal period of lactation, and certain temporary 
abnormal conditions of the cow. 


30 



466 


MILK 


The question may he asked with justice, What is the real mg- 
niGcance of leukocytes in milk? They are frequently spoken of 
as “pus cells." That this is a misnomer is evident. The re¬ 
semblance to pus cells is chiefly due to the fact that they are more 
or less broken down in milk, which is to be expected in a lifeless 
fluid. In the light of present knowledge no sanitary significance 
can be attached to mere numbers of cellular elements. The 
kinds of cells existing in milk have never been systematically 
investigated. Hewlett, Villar, and Revis found in full milk from 
healthy cows chiefly “large uninuclears” and a few other cells, 
but at the beginning and end of lactation “multinuclears” were 
more prominent. They state their opinion, derived from the 
kinds observed, that it is not possible to recognize diseased con¬ 
ditions by means of microscopic examination of the cells present. 
W(K)dhead and .Jones descrilwd finely granular eosinophils, coarse 
granular eosinophils, large, rounded or oval mononuclear cells, 
small cells corresponding to lymphocytes of the blood, extruded 
nuclei, large oval neutrophil cells, biisophil cells, small type of 
basophil cells, large epithelial and fat cells, multi- or mononu- 
cleated cells, and red corpuscles. Luckhardt made an attempt 
at classification of cellular elements in separator slime. He found 
polymorphonuclear leukocytes of the neutrophil type, large mono¬ 
nuclear leukocytes, and small lymphocytes in all samples examined. 
Occasionally eosinophils were found and largo cells of irregular 
outline which greatly resembled pndoplasm with very pale nuclei. 
These latter cells were phagocytic and the author Iwlieves that 
they represent des(|uarnated epithelial cells. Some polymorpho¬ 
nuclear leukocytes contained many cocci or short chains of strep¬ 
tococci. Breed thinks that normal milk contains cells derived 
fnun the btxly fluids of the cow, which are of two types: (a) white 
blood-corpuscles, largely polynuclear and polymorphonuclear, and 
(6) epithelial cells. It is clear that inve.stigations of the kinds of 
cells may lead to more intelligent interpretation of their sig¬ 
nificance, while simple enumeration seems to be of little value. 
The presence of fibrin with many cells has l)een demonstrated and 
may have more intimate connection with pathologic conditions of 
the udder. 

There seems to be considerable’ evidence that when large 
numbers of leukocytes are found together with long-chained strep¬ 
tococci, mastitis is indicated. It has been shown that strepto¬ 
cocci are present in practically all market milk, and that these 
streptococci are non-pathogenic for man and cows. Mastitis 
streptococci are pathogenic for cows. The question of differ¬ 
entiating between different varieties of streptococci has been widely 
discussed, and much experimental work has been done. The chief 
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factors that have been studied are morpholofcy, acid fonnation 
and coagulation in milk, acid formation from different carbo¬ 
hydrates, agglutination, hemolysis, relation to free oxygen, and 
virulence. Streptococci have been classified by various authors 
according to one or more of these properties. 

The fundamental question is whether streptococci represent 
one species or a multiplicity of species. lioth views have cham¬ 
pions. However, the essential difference l)etwe(>n the two views 
is not as great as might apix-ar. It is difficult to determine accu¬ 
rately the meaning of “bacterial species.” It has l)een shown that 
some strains of streptococci can adapt themselves with greater or 
less readiness to environmental conditions, and in doing so alter 
some properties materially. A brief summary of the present state 
of our knowlcilge on this subject follows. 

Morphology .—Some streptococci form long chains; others, 
short cliains. Experiments have shown that the character of 
the culture-medium has some infhience on this pro[)erty. As a 
rule, absence of carbohydrate in the footl is conducive to long 
chain formation. Liquid media favor long chain fonnation. 
Media containing carlxhydrate, as milk, for example, tend to 
shorten chains. There are exceptions, of course. The general 
tendency only is indicated. Some strains pre.serve certain prop¬ 
erties with greater tenacity than otliers. I'he shaiic of the indi¬ 
vidual cell is subject to variation. Some strains are represented 
by strictly spherically shaped cells, others have cells of more or 
lefts elongation. The long ilianieter of elongated cells may 
parallel to the axis of the chain or transverse. The chain itself 
may be continuous or may l)e so interrupted as to give the appear- 
anee qf lieing composttd of diplococei. The fundamental causes 
for these differences in morphology are obscure. Probably the 
rapidity of cell division has some influence. It has l)e<;n recorded 
that cultures which originally were comfKfserl of one form, to all 
appearances, would later show some of the other forms, mixed 
with the original one. Tninsition fonns fire, therefore, common, 
but under what conditions they appear is not well understood. 

Capsule formation has been observeil in some strains of strep¬ 
tococci. It is sometimes assumed that paasage through animals 
develops the property of forming capsules. This is unquestion¬ 
ably true with some strains, while others do not form capsules 
after repeated passage. It has not been conclusively demon¬ 
strated that capsule formation is always the result of passage 
through animals, and that it has a definite relation to virulence. 

It is obvious that morphology gives no clue for differentiation 
of types. The composition of the meilitim and the particular 
environment which has surrounded the strain in the past are 
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esBentiaJ factors influencing the shape of the cell, chain formation, 
and capsule formation. 

Acid Formation and Coagvlation in Milk .—As a general rule, 
pathogenic streptococci produce less acid than saphophytic strep¬ 
tococci. Sonietinies acid producti(jn is so small that milk does 
not coagulate for days, if at all. If streptococci with small acid- 
producing power are cultivatwl fKT.sistently on carbohydrate 
media, preferably dextrose media, the (juantity of acid pr^uced 
may increjwe materially. This is not always true, some strains 
resjamding with greater readiness than others. Vice versa, high 
acid producers may partially lo.s(! this property if cultivated on 
carlMihydrate-fn!e media. The more persistently a strain has 
Itecome habituated to albuminous f<x)d, the less the power to 
ferment carlsdiydrates. In this restJect strains also differ in 
susceptibility to changetl environment. Therefore acid formation 
and eoiigiilation are not criterioiis for differentiation. 

liflotion of Amount of Acid Formed from Different Carbo- 
hydratcH .—By cultivation of a large nmnlx!r of strains of strepto¬ 
cocci from various sources (ionlon and Andrews and Horder have 
attempted to differmitiate strains. They ust*d litmus in the me¬ 
dium as indicator of acid pnxiuction. Winslow and Palmer 
studiwl the amount of acid formed by titration with normal al¬ 
kali. An extensive literature hius accumulated, which, however, 
has not led to entirely uniform results. Attacking the problem from 
a different point of view, the writer has shown that by passage 
through animals, the fermenhition properties of two strains of 
StrepU)coccus lacticus could l)e altered. In fact, the two strains, 
isolate*! from ice-cream and certifie*! milk, did not have identical 
fermentation relictions to start out with, one fermenting mannite, 
the other failing to do .so. Otherwise they had the typical reac¬ 
tions of Streptococcus lacticus. C onsiderable irregularity was 
noted after the strains had lK>en passcii through rabbits and 
guinea-pigs. Therefore acid fonnation from carbohydrates can¬ 
not 1» regardi^ as a permanent ba.sis for differentiation of strains 
of streptococci, but may lie of sufficient constancy to determine 
Hw immediate Murce from which the stmin was isolated. That 
is to say, a strain isolated from a certain source will show definite 
fermentation reactions until it has lieen under a different environ¬ 
ment for some time. Alter this, fermentation reactions may be 
altered. 

AgghdinaHon of streptococci has been investigated by a num¬ 
ber of workers. The majority agree that agglutination with ho¬ 
mologous strains is, as a rule, pronounced, but agglutination with 
other strains variable and sometimes negatiw. When polyvalent 
sera are prepared the reaction is different within wide limits with 
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different strains used for immunization. Specificity of agglutina¬ 
tion reactions in general is not sufliciently pronounced to serve 
the purpose of differentiation. 

Hemolysis .—Hemolytic properties of streptococci have also 
been widely investigated. Saprojibytic strains, as a rule, do not 
hemolize; pathogenic strains frequently do. However, the prop¬ 
erty is not always constant. Some strains retain hemolytic 
power with considerable tenacity through many generations on 
artificial metlia; othei's fluctuate or lose the pro|)erty entirely. 
Passage through animals in many ea.ses increases hemolytic power 
or may change a non-hemolytic strain into a hemolytic one. 
Environment seems to play as great a r61e in this reaction ns in 
others. Hemolytic strains of strepttxaiccns have been found in 
milk by st'veral investigators, and the hemolytic |)roi)erty has 
liecn considered of sufficient constancy to warrant <lifferentiation. 
This hiis i>een true esfiecially in connection with studies of the 
etiology of .s('ptic sore thi'oat in man. These studies have led 
several authors to the conviction that septic s<ire throat is caused 
by infection from human tx'ings. .‘'iinth and Hrown have iso- 
late<l hemolytic streptococci from human throats, and Krura- 
wiede and Valentine ha^e isolated similar hemolytic streptococci 
from the udder of a cow. The latter autht)r8 a,ssunie that the 
cow w.as infected with these organisms from human l)eing8. Davis 
l)elieves that .septic sore throat nitiy be caused i)y streptococci 
derived from fXTsons handling the milk, who first cause infection 
of the udder and thus communicate the virus to human iteings. 
Both Davis and Mathers were able to produce intense mastitis 
in cows by injecting hemolytic streptococci directly into the milk 
ducts. The latter author stales that while henioljUic streptococci 
injected into the milk ducts produce sc'vere and persistent mastitis, 
when cultures of streptococcus laclicus are similarly injected they 
also cause lesions, but of leas severity and duration. 

DavLs found hemolytic streptococci in 23 out of 92 samples 
of milk, and stated that they are more common in raw than in 
pasteurized milk. These hemolytic streptococci are, as a rule, 
not virulent for animals, and firoduce reactions in milk which are 
identical with those preduced by Streptococcus lacticus. The 
author thinks that “there are both hemolytic and non-hemolytic 
lacticus strains, Iwth of which are non-virulent, active acidifers 
and coagulators of milk,” and are readily distinguished from 
hemolytic streptococci of human Origin. 

Virulence of sfime bacteria for a particular species can be 
increased by pa.ssage through animals of the same species, but 
virulence for other animals may decrease at the same time. Non- 
virulent bacteria may become virulent by passing through ani- 
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mals. The writer has repeatedly shown that Streptococcus 
lacticus by rabbit and piinea-pig passage may become eminently 
virulent. Rosenow has stated that streptococci from milk re¬ 
sembled morphologically and culturally the streptococcus of 
rheumatism, and that other strains from milk showed selective 
preferences for joints, muscles, gall-bladder, and other organs. 
Virulence is variable and cannot be depended upon for differentia¬ 
tion. Virulence is sometimes expressed by a “virulence num¬ 
ber.” The virulence number is determined by the phagocytic 
property of leukocytes. A suspension of leukocytes is mixed 
with a suspension of the organi.snis to l)c tested. The number of 
leukocytes out of 100 in which no bacteria are found expresses 
the virulence numlier. If the number is higher than 60, strep- 



Fig. 194.—Hedimciit from iiuuitit is milk twenty-four hours old (Ern.st): a, Mas¬ 
titis streptocoeei; 6, descendants of streptococci; 1,2,3, 4, cellular elements. 

tococci are considered virulent. The result refers naturally only 
to the species from which the leukocytes were obtained. There¬ 
fore the test is only relative tind of little practical value. 

It is obvious that methods of differentiation lietween strepto¬ 
cocci have yielded unsatisfactory results. The same thing is 
true of mastitis st reptococci. Not only that different strains of 
mastitis streptococci cannot lie separated from each other by 
their properties but also that it is not always possible to distin¬ 
guish mastitis streptococci from saprophytic ones, including Strep¬ 
tococcus lacticus, which is nearly always present in milk. 

If it is borne in mind that some properties of certain strains of 
streptococci persist for a reasonable period when conditions are 
not mat«tally altered, it would seem that mastitis streptococci 
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cell is usually flat, the longer axis being at right angles with the 
axis of the chain. This “picket-fence” shape is quite common in 
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mastitis streptococci. In addition, they usually appear in long 
chains. There seems also to be some relation between the num¬ 
ber of leukocytes in the milk and the length of chains formed by 
streptococci. When large numbers of leukocytes and long- 
chained streptococci appear the microscopic picture is fairly 
characteristic. A smear made from centrifugal sediment from 
mastitis milk forms a reasonably certain guide for further investi¬ 
gation, anfl in most ciises leads to discovery of one or more ani¬ 
mals with acute mastitis in the suspected herd. The amount of 
sediment is naturally large when pus resulting from an udder 
infection is in the milk. The TrommsdorIT method is based on 
this fact, and is a fairly relial)le guide if foreign matter can be ex¬ 
cluded from the centrifugal sediment (Figs. 194-196). 

Of course, milk which precipitates a sediment of this na¬ 
ture contains clifferent strains of streptococci, though mastitis 
streptococci are present in abundance if the disease has pro- 
gre.ssed Imyond the initial stages. Is<jlating streptococci from the 
sediment may lead to erroneous conclusions. Veiy careful study 
of the strains isolated is necessary, and with our limited knowl¬ 
edge of streptococci it is difficult to know which strain is really 
responsible for the dise.'ise in the cow. Pathogenicity for experi¬ 
mental animals is not a .safe guide, since pathogenicity for one 
species furnished no pr(s>f of pathogenicity for other species. 
When mastitis milk is injected into guinea-pigs it frequently causes 
lesions, but not invariably. In fact, about as many guinea-pigs 
are affected as remain without untoward results, and among the 
former, Bacillus coli infection is iw frequent as streptococcus 
infection. This shows that streptococci whieffi are highly virulent 
for cows have hut limited pathogenic (lowers for guinea-pigs. 
Milk from severe cjises of msistitis has lieen fed to guinea-pigs 
without the slightest effect lieyond that of furnishing food. 

If lactic streptococci can adapt themselves to a protein diet 
and then lieeome virulent, it is not impossible that the same 
streptococci which cause common souring of milk may be the cause 
of mastitis if some accidental le,sion in the udder affords them a 
foothold. Indeed, Mathers has shown that injections of cultures 
of Streptococcus lacticus into the milk-duets of a cow did produce 
a mastitis, although it was of relatively light nature and of short 
duration. It is evident, then, that innocent streptococci may 
become virulent. Passing from one cow to another, they may 
gradually acquire virulence. As a rule lactic streptococci are 
scarce in the udder, but there are cases on record where they were 
present in large numbers. When this happens udder diseases 
are not necessarily the consequence, but an udder lesion caused 
by accident or ill treatment may give the disease a start. 
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Ill effects after consumption of mastitis milk by human beinjjs 
have been reported in some instances. It is surprising, however, 
that such instances are not far more numerous than they actually 
seem to be, since the disease is so wide-spread and is recogniaed 
only in relatively few instances. The symptoms reported after 
consumption of mastitis milk are usually gastro-intestinal dis- 
turbiuices, accompanied by vomiting, diarrhea, and abnormal 
temperature. A nunil)er of epidemics of sore throat trace<l to 
infected milk-supplies have lieon reix)rted in England. They 
have t)een frequently connectal with milk from herds in which 
mastitis was found to exist. This subject has been discussed 
previously. 

All efforts to differentiate mastitis streptococci from strepto¬ 
cocci of human (iisea.ses of the throat have not given entirely satis¬ 
factory results as yet. In essential jinipertics they are not dis¬ 
tinguishable from lactic streptococci, although some authois con¬ 
sider hemolysis sufficiently con.stant to constitute a differential 
feature. While it has not lieen conclusively proved, Strep- 
tcK-occus lacticus may liccome pathogenic if it is able to obtain a 
foothold in some udder lesion. In the present stage of our 
knowledge it is not justifiable to consider ma.stitis streptococci 
and lactic streptococci identical, and milk infected with mastitis 
streptococci should not lie iiermitted to lie sold. It is not possible 
to determine with ab.solufe certainty whether mastitis milk is 
present; at Icjist not when the admixture is small or if it is derived 
from chronic or initial cases. Well-<leveloiH*(l mastitis can lie lo¬ 
cated with some certainty by the api)earance of many leukocytes 
associated with long chains of streptococci. 

Mastitis caused by .staphylococci and by Bacillus coli are rela¬ 
tively scarce, and the milk causing this mastitis should be excluded 
from the market as far as po.s.sible. 

Anthrax.—Danger of infection with anthrax through milk is 
not great. U.sually the secretion of milk ceases with the l)egin- 
ning of the disease, although the flow of milk may continue for 
some time. Anthrax bacilli gain access to the milk during the 
last stages of the disease Only and have o(*a8ionally lieen demon¬ 
strated in milk. There is small danger from vegetative foiros of 
anthrax bacilli, since they are destroyed by the digestive juices, 
but the spores are more resistant. The disease is very common 
in European countries, causing enormous loss of cattle, and it is 
astonishing that infections of human beings do not occur fre¬ 
quently. Only one case (Ernst) is reportefl as far as the writer is 
aware. Of course, milk from animals suffering from anthrax 
should be excluded from the general supply. 

Rabies is a disease rare among cattle. Milk may contain 
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the virus, but it is probably not dangerous, since the virus is not 
absorbed through uninjured mucous membranes of the mouth or 
the digestive tract. 

Actinomycosis sometimes attacks the udder, and the appear¬ 
ance then resembles, and has been mistaken for, tuberculosis. 
Spores of actinomyces are widely distributed on grain, hay, straw, 
soil, manure, etc., and can easily gain access to milk. They are 
usually not infectious for man unless they locate in some injured 
part of the sy.stem. There is practically no danger from this 
disease if the milk contains spores. In fact, no case has ever been 
recorded. However, as a precaution, milk should be condemned 
if derived from actinomycotic animals. 

Botryomycosis.—This disease is very rare in the udder, 
but may endanger the milk. Therefore such milk should be 
excluded. 

Cowpox Ls sometimes transferred to the udder from calves, 
which are u.sed for the preparation of smallpox vaccine. It 
spreads rapidly through a herd by l)eing carried from cow to cow 
by the milker’s hand. Pustules and ulcers form on the teats. 
Milk infected with the virus is dangerous, especially for children. 
An infection of the digestive tract is produced. Dean and Todd 
have isolated a bacillus from cowptix pustules which seems iden¬ 
tical with the diphtheria bacillus. Diphtheria bacilli may l)e 
communicated to infected teats from the hands of diphtheria 
carriers. The milk from cows with pustules or ulcers on the 
teats should, therefore, l)e considered suspicious and 1* excluded 
from the supply. 

Milk-sickness is a disease peculiar to the United States west 
of the Alleghenies. It is also known as “trembles,” “slows,” and 
staggers.” It is l)eiieved to have l)een more common formerly 
than at present. It is called milk-sickness Ijecause it seems to 
follow ingestion of milk or milk pnxlucts from infected cattle. 
The meat of cattle infected with the disease is also infectious for 
man. Its distribution is confined to limited localities. Cattle 
infected with the virus become weak, are easily tired, fall on their 
knees, and tremble vdolently. The temperature of such cattle is 
normal or subnonmd. The cause of the disease, according to 
Jordan and Harris, is a spore-bearing bacillus which grows well 
on a^ficial media. This organism was named Bacillus lacti- 
morbi. Besides cattle, the disease occurs in horses, sheep, goats, 
dogs, and perhaps in hogs. Some of the symptoms have been 
reproduced in calves, dogs, and cats by injection of cultures of 
Bacillus lactimorbi. 

The virus persists in nature for a long time. In soil it may 
remain for at least fifty to sixty years if the land is left wild. 
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When land is cleared, drained, and cultivated the virus disappears. 
The disease is most common during the months of August, Sep¬ 
tember, October, and November, although occasionally cases 
have occurred in May and June. The oiganism has not been 
found in greater numbers in soil where milk-sickness exists than 
in other regions. An organism not distinguishable from Bacillus 
lactimorbi has been isolated from normal cow dung and from 
some grain and forage plants. 

The disease is communicated to man through milk from in¬ 
fected cows or through milk products. It is characterizeil by 
vomiting and constipation. The breath of Iwth man and cattle 
during the disease has the ix'culiar odor of acetone The mortality 
in man is estimated by Jordan and Hiirris at alxiut 10 per cent. 
Relapses are frequent and little immunity follows an attack. 

Since milk and milk products may carry the infection to man, 
the exclusion of such infectwl milk is inqx'rative. Pasteurization 
does not destroy the sjxires of Bacillus lactimorbi.' 

Contagious abortion, also known as infectious alxirtion and 
epizootic abortion, is very cotnmon among milk cows, esi)e- 
cially in pure-bred herds, and the disea-se results fre<iuently in 
“slinking” or “slipping" the calf. It has l)eeri estimated that this 
infection entails an annual loss of over $‘20,tKX).0()0 in this country. 
Hadley estimates the annual loss in Wisconsin at .^{,371),IKK). 
In its wake may follow bl(x>d-poisoning, garget, catarrh of the 
uterus, and other diseases, terminating in sterility of the cow. 

Contagious alK)rtion may lx; regarded as a disease of the fetus 
rather than of the cow. The latter is seriously affected chiefly 
when the after-birth is incompletely expelled or when the dead 
calf is retained. 

The disease is caused by Bacillus alx)rtus, which was first 
isolated by Bang in ISfHi. Smith and Fabyan have studied the 
bacillus which is responsible for abortion of cows in the I’nited 
States, and came to the conclusion that if is identical with Bang’s 
organism. It produces alx)rtion in pregnant cows and other ani¬ 
mals, such as mares, sows, and ewes. Cuinca-pigs injected with 
cultures of the bacilli are seriously affected, but usually recover. 

' In a recent pawr (Jour, of Inf. Dig., 1919, vol. 24, p. 2:11) Sackett states 
that work publisnea during the past year points “quite conclusively to Eu- 
phorbium urticsfoliuin {white snakeroot) as the true cause of trembles.” 
1^6 author was al)le to extract from fresh green snakeroot and from the dry 
leaf t>owder a substance which was poisunoua for rabbits, but not for guinea- 
pigs. The ^mptoms pr<xluced in rabbits resemble*! those of milk-sickness. 
The poison is soluble in 95 p»T cent. alcohol and is present chiefly in the leaves 
of the plant. It is not claimed that all cases of milk-sickness are due to intox¬ 
ication with the poison of white snakeroot, since Jordan and Harris studied 
“a disease with similar, if not identical, symptoms” in New Mexico, where 
white snakeroot has not been found. 
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The germs of contagious abortion may live for weeks or months 
outside of the body of the cow. Hadley states that it was iso¬ 
lated from dead fetuses after five to nine months; from a calf 
which had l)een frozen for twenty-four hours; and from uterine 
discharge.^ left on ice after seven months. It would seem likely 
from these statements that pastures where infected cows graze 
might harls)r the infection, but the menace from this source is 
probably small, since freezing and thawing rapidly disintegrate 
bacteria. 

The virulence of Bacillus alxrrtus varies considerably, a con¬ 
sideration which accounts for the fact that some herds do not 
suffer as seriously as others after the virus has been introduced. 

The bacillus is present in large nurnters in the discharges 
from the vagina of an affected cow and in alxirted fetuses. Had¬ 
ley states, “When not pregnant the udder Ls the only organ in the 
Ixxly where abortion bacilli can live,” and “there is proof that the 
ud<ler acts as a breeding ground for the germs.” The alwrtion 
bacillus carrier is, therefore, a prolific source of infection, and 
introduction of a cjirrier into a sound herd is frequently the 
means of infection. Such carriers are sometimes difficult to 
detect, as they may calve normally. The infection is communi¬ 
cated most readily iminediutely l>efore and after abortion. 

Bulls may also iK'comc infected and then transmit the dis¬ 
ease, but this Ls probably not as csrininon as is generally believed. 
According to Hadley, bulls are endowed with a .sf'xual or individuiil 
immunity, and are, consequently, less susceptible than cows. 
The distatse is milder in bulls than in cows, and the germs when 
present in the body of a bull lose vitality in a relatively short time, 
so that the bull Incomes siife for .service of non-infected cows. 

Contagious aiwrtion may 1)C transmitted through contami¬ 
nated fo(Kl and water and focal p<M)r in mineral matter, as, for 
example, wheat rations which may predispose the animal to the 
disease. Food is a menace chiefly when it is contaminated with 
vaginal discharges of infected cows. In stables, therefore, where 
animals are closely stalled the infection may spread rapiclly and 
movements of the cows may aid in disseminating the virus. The 
common notion that moldy and decomposed grain or roughage 
may be the cause of abortion is probably not true. 

The virus enters the body of the cow through the digestive 
tract, the genital organs, and through a break ig the skin or other 
wound. The genns reach the uterus from any portal of entry, 
as they seem to possess a selective attraction for this organ. 

Heifers are more susceptible to the disease than calves and 
cows and are most commonly infected after the first calf is bom, 
while the womb is still open. A calf bom from an infected cow is 
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always infected. There seems to be no difference in the sus¬ 
ceptibility among various breeds. 

The Bacillus abortus is widely disseminated among cows. In 
oiie instance Cooledge found that 27 per cent, of the cattle ex¬ 
amined had udders infected with the organism. It is not un¬ 
common in market milk, as shown by a number of investigators, 
among whom may be mentioned 8chroe<ler and Cotton, Fabyan, 
Melvin, Evans, Cooledge, and others. Miss Evans found Bacillus 
abortus in 23.4 per cent, of the samples examined. The highest 
number countetl wjus 50,000 per cubic centimeter. The author 
distinguished three types of the organism, and named the type 
occurring most frequently Bacillus alwrtus lipolyticus, localise it 
decomposed butter-fat. The bacillus was found in certified milk 
by Fleischner and Meyer. Milk containing the germs of abor¬ 
tion should be pasteurized l)efore it is fed to calves. 

Cows suffering from contagious abortion develop an immunity, 
as has been shown by complement-fixation and agglutination tests. 
Artificial immunity can l)e produced by vaccination with living 
cultures, while killed cultm-es do not appear to have a similar 
effect. Hadley states that 93.5 jw cent of cattle vaccinated with 
living cultures acquired immunity which lasted for a variable 
length of time When unmunized for one gestation period few 
animals aborted, and when immunized for two ix'riods the im¬ 
munity seemed to be permanent. But it should be emphasized 
that the artificial immunity does not neces.sarily eliminate the 
germs, and vaccinated animals may remain a menace to those 
free from di.sease. Only unbred heifers and o|)en cows at least 
two mt)nths l)efore being bred should be vaccinated. 

When a cow shows symptoms of contagious abortion she 
should l>e isolated. The symptoms are not difficult to discover. 
The udder and vulva swell, there is a whitish discharge, the 
ligaments above the seat of the tail sink, and the milk Ixjcomes 
thick. After abortion the fetus and all discdiarges should l)e 
burned. The external parts, including tail, rump, and thighs, 
should be bathed in a 3 per cent, solution of liquor cresolis com- 
positus, and the vagina should lie douched with a 1 per cent, 
solution of sodium chlorid. 

Hadley recommends the following measures for prevention of 
contagious abortion: “1. Daily douching with the salt solution of 
all cows that have a vaginal discharge; 2, provision for a food- 
supply that is ad^uate as to nutritive and mineral content and 
free from contamination; 3, complete removal of retained after¬ 
births, with subsequent cleansing of the womb ... to pre¬ 
vent an accumulation of pus which is likely to result in sterility; 
4, disposal of aborted fetuses and contaminated bedding by burn- 
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ing or deep burying, and disinfection of the gutters and floor; 
5, isolation of all cows known to be infected with abortion; 6, 
when possible, treatment of all heifers and cows about two mcmths 
liefore breeding with a vaccine composed of live abortion germs.” 

Whether Bacillus alxjrtus is infectious for human beings is a 
matter that has not yet l)een clearly demonstrated. The evi¬ 
dence available does not justify the assumption of its pathogen¬ 
icity for man, although some authors (Larsen and Sedgwick) 
think there is reason for .suspicion. Of interest in this connection 
is a stufly of Miss Evans, comparing Bacillus abortus with B. 
mclitensis. 1’lie author found considerable resemblance between 
the two organisms lK)th by (cultural and immunologic methods. 
Since the organism is not infrecpiently contained in milk, such milk 
should lx“ excluded from the market or be pasteurized. 

Gastro-enteritis.—Milk from cows suffering from gastro-intes- 
tinal disturbances Incomes thin, bluish, and acquires a bitter 
taste. It may be the cause of similar disturbances in man and 
should l)e excluded from pui)lic supplies. 

Malta Fever.—Although Malta fever is a disease of goats 
and not of cows, it is of sufficient importance to merit mention. 
The disease occurs on the island of Malta and other islands of 
the Mediterranean and along the coast. It is also reported from 
India, South .Africa, the I’hilippiiie Islands, the West Indies, and 
in some parts of this continent. The virus is contained in goat’s 
milk and is communicated through goat’s milk to man. The 
disease runs a slow, long-drawn-out course, and is characterized 
by headache, rheumatism-like affection of the joints, constipa¬ 
tion, (uul anemia. It is rarely fatal, the fatalities being about 
2 or 3 per cent. The causjil factor is Bacillus melitensis, also 
called Micn)coccus melitensis. It has been estimated that the 
milk of 10 per cent, of the goats in Malta contains the organisms, 
while the blood of 50 per cent, has agglutinative properties. 

Cholera infantum is frequently classed as a milk-borne disease, 
and some authorities still hold that milk is the chief, if not the 
only, cause of this dLsetuse. Cholera infantum occurs most often 
during warm weather, and is largely responsible for the high 
death-rate among infants. Cholera infantum is more common 
among bottle-fed than among breast-fed babies, but modem scien¬ 
tific methods of artificial feeding of infants has tended to gradu¬ 
ally reduce the high mortality resulting from summer diarrhea. 
There are authorities who believe that artificial feeding may be 
perfected to such a degree that the rate of infant mortality among 
bottle-fed babies will be very materially decreased. 

Since bottle-fed infants are frequently given cow’s milk as a 
substitute for human milk, and since there are more deaths 
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among artificially fed than among breaat-fed infants, the facts 
would seem to justify a serious indictment against milk. Still 
there are other known causes and perhaps unrecognized ones which 
may contribute to the high death-rate of bottle-fed babies. 

The absence of hydrochloric acid from the stomach of infants 
permits the passage of bacteria into the digestive tube. The 
membrane of the alimentary tract of infants is delicate, and it is 
conceivable that large numbers of bacteria, including varieties 
usually considered hannle.ss, may cause ilisturlxuices. So far no 
specific organism has lieen identificil as the ciiu.se of choleni in¬ 
fantum. Schereschewsky (quoting Pictschel, lx»ifmann and 
Lindemann, and others! has stilted “that the influence of cow's 
milk in eau.sing summer infant mortality has In'cn overestimated.’' 
However, it is important in our pre.sent state of knowledge that a 
good grade of milk, preferably certified milk, lie useil for infant 
feetling, and thiit reliitive security fnim infection be assured by 
the use of Ixiileil or pasteurized milk. A di.scussion of the ndiition 
of milk to giistro-intestinal tnmbles of infants will Ije found in a 
sepiiriite chapter. 

There is ii distinct relation between infant mortality and the 
season of the year. During the colder months—from Octolier to 
March—the infantile death-rate is relatively low, while with the 
commencement of spring the numlier of deaths increas<»s rapidly 
and reaches the highest point in August. The curve of infantile 
mortality follows closely the curve of temix'raturc, the cuive of 
bacterial contont of milk, and the increase in the numlier of flies. 

.Schereschewsky, who has studied the relation of infant mor¬ 
tality to the thri-e factors mentioned, has shown that the mor¬ 
tality curve rises within a short time after a fieriod, or even after 
a single day, of hot weather. He lieliev'es that cholera infantum 
occurs as a seasonal diHea.se rather than in the form of an epidemic, 
as would Ik* expected were food alone to blame. 

Hot weather is weakening to the system and, therefore, causes 
a predisposition to infection. Abt agrees that debility is caused 
by heat, and that the influence of heat is emphasized when it is 
accompanied by excessive moisture in the atmosphere. Flies 
become more numerous in hot weather and may have some con¬ 
nection with high infant mortality. What this connection may 
be is not understood, but an observation by Armstrong is sug¬ 
gestive. He selectetl two districts in New York (’ity which were 
similarly located; had approximately the same population, with 
similar living conditions; and had alxmt. the same number of 
infants. One of these districts was supplied with screens for doors 
and windows and the inhabitants were instructed in methods of 
excluding flies. The other district was left unprotected. It was 
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found that in the unprotected district there were many more 
deaths of babies and that the average duration of sickness was 
much greater than in the protected district. 

In addition to milk, heat and flies seem to be factors in the 
causation of cholera infantum. It is important in attempts to 
reduce infant mortality to realize and combat as many causes as 
possible. If one cause is overrated, others will not receive the 
attention they merit. In addition to providing a clean, whole¬ 
some food, other conditions must 1« con.sidered. This subject is 
discuased in a later chapter by Abt and I^e^'inson, 
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CERTIFIED MILK 


Recognition of the dangers that may lurk in milk, especially 
when used as food for infants or invalids, has led health author¬ 
ities h) assume control of public rnilk-supplies. Sometimes such 
control is accomplished by suitable legislation cither by state or 
municipal authorities, and sometimes by conferring the neoes- 
8ar>’ authority on boards of health. The large amount of milk 
consumed and the variety of sources from which it is derived 
necessarily hinder progress whenever such control is attempted. 
Therefore in 1891 a inovenu'nt was inaugurated to supply a limited 
amount of milk of dep<'ndable finality worth the recommendation 
of physicians. The originator of this movement was Dr. Henry 
L. (^)it, of Newark, N. .1., who outlined the production of this 
kind of milk in the following way: “The legal rcfiuirements are 
stringent and binding. The code includes ample sureties for its 
fulfilment—necessary forfeiture clauses, a tfTritorial limit for the 
sale of the product, and provision for the cornpf'nsation of the 
exixirts employed by the commi.ssion. It contnfls the charac¬ 
ter of the land us(>d for pasturage and the cultivation of fodder; 
determines the construction, location, ventilation, and drainage of 
buildings; provides for an abundant and pure water-supply, and 
prevents the use of water from wells or springs holding surface 
drainage. It requires in the stable cleanliness and order, and 
disallows the keeping of live stock, except the cow, within 300 
yards of the dairy buildings. It regulates the assortment of the 
herd with reference to uniform results, a.s well as the health, the 
breed, and tempi'rainent of the animals. It excludes animals 
that are fulierculous or are found in a state of health prejudicial 
to the herd. It provides for proper housing and shelter of the 
animals, together with their grooming, their treatment, and the 
pronapt removal of their waste from the stable. It regulates the 
feeiling with reference to uniformity in the chemical composition 
of the product, and re-strains the use of all que.stionable or ex- 
hausteil materials for food. It governs the collection and hand¬ 
ling of milk by insisting upon a proper regard for cleanliness as 
viewetl by the bacteriologist in its relation to the animal, her sur¬ 
roundings, the milkers’ hands, the vessels, and the association of 
persons handling the milk with immediate or remote sources of 
infection. It wmtrols by minute specified requirements every 
step in the cooling of the milk and its preparation for shipment, 
4SS 
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and adds to the product every detail of necessary to i»omote 
its keeping qualities or favor its safe transportation. 

“The motives of the commission are disinterested and its mem¬ 
bers forbid to themselves any pecuniary rewards. The experts 
are employed by the commis.sion and paid by the daiiyman. The 
bi-monthly reports of these officers to the euinniission arc the basis 
of its approval of the product which, in the form of a (“crtificate, 
is issued to the dairjinan.” 

The first contract was made lad ween the Medical Milk Com¬ 
mission of Es-sex County, X. J., aiul Stephen f'rancisco of Cald¬ 
well, N. J., in 1893. A copy of the contract follows: 

CX)PY OF THK .tOKlOEMENT HETiVEEN THE MEDICAL MILK 

COM.MISSION OF E.S.SEX COUNTY, N. .1., AND STEPHEN 

FRA,\C1.SC0, OF CALDWELL, N. .1., DATED MAY 19, 1893 

The folIowinjE aKr<‘<’nj(nt, mafic this Tiinctf‘4>nth dav of May, ^ 

tween Ilcnn* L. Coit, M. I), of Newark, New Jersey; Ylieron V. Sutphen, 
M. D., of NN‘wark. New Jersey; William H. {Ira\es, M. I), of East ()ran((i\ 
New J(*rs(*y; L. Ku^f^ne HollistiT, M i) , of Newark, New Jersey; Jommh 
W. Stickler, M. 1), tif Orange, New Jersty, and James S. Hrown, M. D., 
of Montclair, New Jertw'v, {lartit's of tin' first fuirt; and Stephen Fnineiseo, 
of Caldwell, New Jersey, party «>f the second part; WitiM*S8f*th a« foUown: 
That the part> of the seeond part doth hen hy hind himH<*lf to a fulfilment 
of the pmvisioiis tif this contract, for and m consideration of the benefite 
hereinafter named hy th«‘ parties of tlie first part. 

Furthermore, the follttwing named ts'rsons: Frank A. Wilkinson, of 
Newark, New Jersey; Isaac Lane, of C’aldwfJI, New Jersey, and William Hush, 
of ('aldwell, New J<‘rsey, all aefiuaintanei^s of the party of the Sf'eond part, 
hen'by affix their sifpiaturf's to this ajn‘<‘<'nipnt, attest b) tlie honor of thr 
party of the sfM'ond part, aiul become sureties for the execution of this agrefv 
ment. 

1. The party of the seeond part floth liereby agr<‘<' to eonduet such parts 
of his dairy as may U* hen'inafter iiamf'd, collect aiul handle its pnalucte 
in conformity with the following eiKle of recpiireinents, for and in considera¬ 
tion of the promisi'd endorwiiient of the jiarties of th(‘ first part, as herein- 
aftiT indicat'd 'I'hi* milk thus nrodueecl shall be known as c<Ttified milk; 
shall be desiiini'd <*sp«‘eiaily for elinieal purfioses, and when at any time the 
demand shall 1 k‘ gn'ati’r than tin* supply, and is re(|iiired by a physician, 
either for infant feeding or the diet of tlie sick, it is heraby agn^nj that such 
shall be the preferred purchaser. 

2. The party of the wcond |>art. further agrees to pay for chemical and 
bacteriologi<' examinations of the afor<>said c(‘rtifi(‘d milk, at such timcfi as 
in the judgment of the parties of the first fiurt is d<*sirable. 

3. He also agrees to defray the c'ost of a bi-monthly insfiection of hit 
dair)’ stock, or oftener, if neees8ar>', by a competent ami approvc*d veterin- 
arianj all of which persons, namely, the chemist, the Imrteriologist, and the 
vetennarv surgeon, shall b<* chosen by the partira of the first {mrt, to whom 
they shall render their reports in writing 

4 . It is expressly understood and agreed, that the party of the second 
part shall not pay more than the sum of five hundred dollars in any one 
year for the ser\'iee« of chemist, bacteriologist and veterinary surgeon, and 
the party of the first part shall limit the expense of such wn^ice to that amount, 
it is furthermore agrw-d that the party of the second part, on receipt of a 
certified copy of the reports of the experts, shall mail to the persons indi¬ 
cated by tbe parties of the first part, and not to oth<7s, a duplicate printed 
ec^y of tbe aforesaid reports, bearing the signatures of the experts and the 
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namee of tho physicians. The same to be issued at such intervals as in the 
Judgment of the parties of the first part is desirable; also that the neces¬ 
sary expenditures for printing and circulation be met in the same way as 
herein provided for cxjiert examinations. 

Location of Ijands 

n. It is hereby understood and agreed, that the lands used by the owners, 
agents or assigns of the dairy, conducted by the party of the second part, and 
employed for pasturage, or mv land.s that may be hereafter acquired for such 
purjMws, or such lands as may bi‘ used for the cultivation of hay or fodder, 
shall be subject to the approval of the parties of the first imrt. 

BuMings 

6 . It is also understcsxl and agreed, that the buildings, such as stables, 
creamery, dairy house and spring house, shall be constructed after the most 
appr>ved style'of architecture, m so far as construction may affect the health 
of the dairy stock, or the character and conditions of the milk. 

7. Thill the buildings used for the housing of the animals shall be situated 
on elevatial grounds, and capable of being properly drained. 

X. iSaid buildings to be sheltered from cold winds, lighted and ventilated 
according to aimroved hygienic methods. The buildings shall be constructed 
so as to favor the prompt and easy removal of waste products. 

9. The apartments used for the storage of either fia'd or fodder shall be 
removed from iiossible contamination by stable waste or animal odors. 

10. All buildings shall, in addition to healthful location, approved con¬ 
struction and proi«‘r ventilation, be kept free from animal or vegetable mat¬ 
ter in a state or process of decomposition or decay, and always free from 
accumulations of oust or mould. 

The Wnler-nupply 

11. The dairy shall be suiiplied with an abundance of pure water. 

12. No water from shallow wells or springs holding surface drainage shall 
be used for wab'ring stock, cooling milk, or cleaning vi'ssels. 

13. Nor shall any well or spring Is' located within three hundred feet of 
the stable. 

Burrnnmiings 

14. It is further understood and agna'd that the immediate surround¬ 
ings of the buililings shall be kept in a condition of cleanliness and order. 
There shall not be allowc'd to accumulaU’ in the vicinity any loose dirt, rub¬ 
bish or decayi'd vegetable or animal matter, or animal waste. 

15. Nor shall theiv be within tlm'c hundred yards of any building any 
constantly wet or marsh.v ground or stagnant pools of water. 

16. Nor shall there be kept within three hundred yards of any building 
used for dairy purrswes any fowl, ho(B, horses or other live-stock. 

17. It is hereny understood and agreed that the following unhealthful 
conditions shall be a sufficient reason to exclude any animal from the herd 
used for any purpose in the aforesaid daily; Any animal that is judged by 
a competent ol)aer\’er to suffer from tuberculosis even though the disease be 
looalised or Intent. 

18. Any animal with fever. Any animal suffering from septic absorp¬ 
tion or other diseasi' followed or associated with parturition. 

19. Any animal suffering from mammitis or mammary abscess. 

M. Any animal with persistent diarrhea or any other abnormal physical 
ctmdition wliich could in any way be detrimental to the character of the milk. 

21. It is furthermore agreed that when an animal shall be found by a 
competent obsener to be in a state of ill health, prejudicial either to the 
other animats in the herd or to human health, the same shall be removed 
immediately and if necessary shall be killed. 

22. It is also understood and agreed that the party of the second part 
•hall exclude from the herd used for producing certified milk, immediately 
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after diaeovery, any animal aubject to the following ronditiona; Any animal 
that n-aa bred through conaanguinity within a period of three generationa. 

23. And from this time forth, any animal of those bred by the party of 
the second part, used for producing certified milk, that was not, aa a heifer, 
kept sterile during its first twenty-seven months, 

24. Any phenomenal milker, except tliat glandular disease <» tuber¬ 
culosis has first been excluded by a competent oh^rver. 

25. It is furthermore agreed that if at any time it is desired bv the parties 
of the first jiart, that a different breed of milch cows should be substituted for 
the one in use, in order that the standards of quality in the milk may be 
raised, the party of the second part will endeavor to carry the same into effect. 

Houinng and Care 

26. It is furthermore agreed, that the dairy" stock employed in the pro* 
duetion of eertified milk shall Is' (iroiierly sheltered from the influence's of 
weather and climate prejudicial to their liealth; also that the animals shall 
be kc'pt clean, gnaimed every day, and treated kindly at all times. 

27. The waste products of the stable shall lie removed so frequently, 
and the stable floor so thoroughly cleaned, that the same shall lie as fni’ M 
possible from animal ixlurs. 

2 K. It is also agns'd that no milch cow shall be used for dairy purposes 
while in a state > f exeiP'ment, either aa a result, or during the la riial of estrux, 
or which has been made nervous either by Ixating, whipping, kicking, prod¬ 
ding, or running. 

Feeding 

29. It is hen'by underslisMl and agris'd that the methods of feeding the 
cows furnishing the eertified milk ahull be subjis t to the anjiroval of the 
piu-ties of the first part. The hid and fodder shall consist only of nutritious 
and wholiwonie iiiaterials; siieh as grass, clover and timothy hay, whole gniin, 
or the entire result of the grist. No materials shall b<> emiiloyed which are 
or may bia'ome iiijiirioua to the health of the aniniala. There shall not be 
fed at any time, or in any quantity, either alone or mixi-d with other fil'd or 
fodder, hulls, si-reeiiiiigs, wet or dry brewer's grains, sour ensilage, or any 
wasti' by-product in the treatment of grain, low marsh grass, or any of the 
questionable or exhausted fei'ds or fixldera emiiloyid either to iiiereasi' the 
milking eaiiaeity of the animal, or that will firodiiee an im|»iverishi'd milk, 
or that will impart to it unnatural ixlors or flavors. Nor shall the cows 
be allowed to eat green or womi-eaten fniit, [Xiisoiious wwds, or to drink 
poisonous or stagnant water 

Colleeling and HamUing 

30. It is furthermore understood and api'cd, that the cows from which 
is obtained certified milk shall be milked only in a clean building, and not in 
an ill-ventilated stable containing foul odors and bad air. 

31. No animal furnishing eertified milk shall be milked until the udder 
shall first have been cleaned in a manner approved by the parties of the first 
part. 

32. No person shall be allowed to draw the milk who has pot within fif¬ 
teen minutes of the milking first w'ashed his or her hands, using soap and 
nail brush, and afterward thoroughly rinsing the hands in clean water. 

33. ‘The person or persons engaged in milking shall also be dressed in 
clean overclothes. 

34. No person shall be allowed to draw the milk who has been engand 
with the care of horses, in the same clothing or without first washing his 
hands. 

35. No milk shall be represented as certified milk that is not received 
from the udder into vessels, and from these into cooling cans, both of which 
are perfectly clean and dry, having been cleans<d and beati'd, at a temwra- 
ture adequate to effect cornplete sterilisation, since the last milking; and have 
been kept inverted in a clean, dry and odorless atmosphere. 
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36. No milk «haU be represented a* oertified milk that hae not been tMuned 
through a sieve of wire or other cloth, either while milking or immediately 
thereafter, having not leas than one hundred meshes to the linear inch. 

37. No milk shall be represented as certified milk that does not consist 
of the entire contents of the udder at each milking, including the fore-milk, 
middlings, and strippings. 

38. No milk shall be represented as certified milk that has been drawn 
from the animal at abnormal hours, such as midnight or noon; nor from any 
animal for a period of nine wwks before calving, or that has not been sepa¬ 
rated for nine days after parturition. 

39. No milk shall be representi-d as certified milk which has been ex¬ 
posed U> the emanation or infection of any form of communicable disease, 
either in the [lerson or [MTSons handling the milk or by accidental contamina¬ 
tion in cleaning milk containers, or by the association of any jM-rson engaged 
in handling the milk, with p<-rson or persons sick of contagious disease. 

Prcparatwri fur Shipment 

40. It is hen'by understisid and agrei'd, that all milk represented as 
certified milk shall receive every known detail of cure that will promote its 
kis'ping qualities, and favor its safe traii8])ortation. 

41. That the milk on bi’ing drawn from the cow shall be treated by ice, 
or clean, cold water in motion, and proper agration, in order, first, to remove 
its animal heat, and, .second, to reduce its buniierature to a jioint not above 
fifty di-gns;H, nor 1h4ow forty degrees Fahrenheit; said temperature to be 
acquir(*a within forty-five minuti^ after milking, and maintained within the 
above limits while held for shipment, during its transixirtation, and until it 
is delivered to the purchaser. 

42. That, the cisiling of the milk shall not be conducted in the same build¬ 
ing in which it is drawn, nor in an atmosphere containing dust or tainted with 
animal odors. 

43. That all the foregoing provisions concerning the cleansing and 
condition of vessi'ls or utensils shall be complied with in the said cooling 
process. 

44. It is furthermore agreed, th.at no milk shall bi‘ represented as cer¬ 
tified milk, that has iHs-n changed or redtici-d in any way, bv the addition of 
water or any solid or liquid substance, in or out of siilution, or the subtraction 
or removal, in any manner, of any part thereof. 

4.S. It is hereby understood and agnsal, that all milk to be represented 
as certified milk, shall bi* packed in flint glass quart jars immediately after it 
is cooled. 

46. Said jars to be of imttern approved bv the parties of the first part, 

♦7. It is furthermori' agns>d that the Ixrttles or jars, before being used, 
shall be cleaned by hand, separately, with the aid of hot water, alkaline soaps, 
rotating brush and steam, and that they shall be rinsed in two separate batiis 
of clean, hot wa^r, and then thoroughly dried and kept inverted until used, 
without covers, in a clean, dry atmosphere free from odors. 

48. It is agreid that the jars shall be filled by a method approved by the 
parties of the first [lart. 

49. That they shall be sealed after all air has been excluded, by the most 
approved device for closing them. 

50. The buttles after m'ing filled, shall be labeled across the cap, bearing 
the words “Certified Milk," with the name of the dairyman, together with the 
date of milking. 

61. It is furthermore agreed, that no milk shall be sold as certified milk 
that is more than three hours old when bottled, nor more than twenty-four 
hours old when delivered. 

Transportation and Delittry 

82. It is hereby understood and agreed, that the transportation and dis- 
tiibuthm of all milk rejwesented as certified milk, shall be conducted by the 
party of the second part, either in person or by persons employed by him. 
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53. Tliat in transit, the milk shall not be rxtXMed to any of the foregoing 
prohibiU^ conditions. 

54. Tnat it shall not be subjerted to agitation. 

55. That it shall not be exposed to the beat of the sun. 

56. That the delivery wagons shall be so construcM that the requued 
temperature of the milk may ^ maintained duri^ transit. 

57. TTiat before the wa»>nB are filled for shipment, the body, the trays, 
and compartments shall b<- misht’d with boiling water. 

58. It is furthermore agreed that the distributing agents shall during the 
transfer of the milk from the dairy to the purchaser, la* subject to the follow¬ 
ing restrictions, namely; That they shall us<‘ no tobacco. 

59. That they shall take no ihto.\icating drinks. 

60. That they shall not collect the enijity containers, nor receive money 
or milk checks from houses in which an infectious or contagious disease is 
known to exist. 

61. It is also hereby agreed that t he collection of empty bottles from places 
where infectious or contagious disi'ase is knon n to exist sliall b<‘ made by other 
persons than those employed to deliver the milk. 

62. That these eollis-tions be made with wagons not employed in the dis¬ 
tribution of the milk. 

6 ;l. That befori' thi-si' empty bottles shall Is' returned to the dairy, they 
shall be carrii'd to a separate building and first Is' subjei’ti'd to the process 
of cleaning bottles indicated in a former I'laiise of this contract. 

64. It IS hen'by underst<M»d and agns'd, that if any further precautkins 
or changes in method, calculated to imnnive the quality of milk, or guard the 
same from impurities or dangers, is ui'sin'd, that the parly of the second 
part will chi'i'rfully lie goM-nied hv such additional mil's and regulations as 
may bi' laid down by the parties of the first part. 

6 .'). It is understissl and agrisal by the party of the second part, the same 
binding the owners, agents or assigns of the afon'said dairy, t hat the product 
known as certifiixl milk shall be under the following n-striel ions in its sale, 
namely: That until the amount required within t he lanindaries of h^sex County 
shall first Iw supplied, it shall not be sold beyond these limits, except that the 
parties of the first part shall give their coasent. 

66 . It is fiirthermori' agria-d by the party of the second part, the same 
binding the owners, agents or assigns of the aforesaid dairy, that in the event 
of a failure to comply with any or all of the reqiiirenients of the foregoing 
contract, the |>arty of the first jiart shall reserve the right to withdraw from 
the contract, and publish the fact in such manner as tiny deem tw-st. 

67. Finally; It is understood and agre<"d, that nothing in this contract 
shall pn'vent the abrogation of any of the provisions of thi' same by the |)artie8 
of the first part, providisi that it shall be done for the [iiirpose of substituting 
other provisions, designed to promote the objes'ts of their organization. 

68 . It is further understisid and agtwd by and belwiH'ii the parties hereto, 
that the party of the second part shall be at libi'rty to cancel this agreement 
by giving two months’ notice in writing of his di'sire to do so, in case of in¬ 
ability for anv reason, to comiily with the terms of th<‘ same. 

In WitnW Whekeof, the said parties have hereunto set their hands, 
the day and year first atxive written. 

Henry L. Coit, 

Theron Y. Sctphen, 

WiLUAM B. Graves, 

Stephen Franiysco, L. Ei oene Hoixister, 

Partu of Second Part. Joseph W. SnrKLER, 

Frank A. Wilkinson. James 8. Brown, 

Isaac Lane, Panic* of Pirn Part. 


WiLUAM Bush, 

Surnie*. 


Office of 


Gcild a Lcm, 

CoanteUart^Law. 
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This contract has been the model for other contracts made 
between medical milk commissions and interested producers. 

In return for carrying out all the exacting conditions of the 
agreement and paying the expenses of experts, the Medical Milk 
Commission gives the dairyman certificates which are placed on 
all bottles. The milk then carries the endorsement of the milk 
commission, but the certificate does not absolutely guarantee the 
quality and purity of the milk in the bottle to which it is attached. 
It guarantees efficient supervision of the methods employed in 
production, shipment, and delivery. It is not surprising, there¬ 
fore, that certified milk is sold at a price higher than that of 
ordinary milk, retailing for 15 cents or more per quart. 

Since the Essex County Milk Commission commenced certi¬ 
fying milk 81 medical milk commissions have been organized in 
the United States. Legal protection has seemed desirable to 
counteract the influence of the un.scrupulous dealer, who has 
used the word “certified” for inferior milk in order to command 
the superior price. For instance, the writer found a “certified” 
milk which, uiK)n intiuiry, turned out to be milk “certified” to 
by the producer to ci)ntain at least 3 per cent, buttorjfat. New 
Jersey, Kentucky, New York, Mass.achusetts, and New Hamp¬ 
shire have passt^d legislation to protect the term “certified milk.” 
A copy of the New Jersey law follows: 


MEDICAL MILK COMMIS.S10N LAW 

If foltnu-ing act h»Is inspired by the Esser County, New Jersey Medical 
MM Association, was mtrueluced in the. Legislature by Senator Joseph S. 
rreltnyhuysen, rereiml the ajfirmatirc note of entry nu mber of the Senate present 
^rpl one, ami the unaninu/us note of the House of Assembly, and was approved 
by Oovenuir J. franklin Fart, on A/ml gist, 1009. 

An Act pmviding for the incorporntion of medical milk commissions and the 
orrtincatiun of nulk produroti under their 8upor\'i8k)n. 

Jersey ‘Scnolf amt Gerural Assembly of the State of New 


Certified Milk Commissions 


1. Any five or more physicians duly authorised to practice medicine 
laws of this State who shall dcsin* associate themselves i 


under the laws oi this State who shall dosiw* to associate themselves toeether 
tor the puriwse of 8m>en'i8ing the production of milk intended for sick room 
puTp^, infant f^ng and for use in hospitals, may make, recoiti and file 
A CGruneate in writing in the manner hereinafter mentioned. 


Ohjerfs Set Forth: Name, Purposes, Directors, County 
2. Such eertifiente shall set forth: 

/tii of sueh asiwiiation which shall be as hereinafter designated. 

/fii\ purposes for which the association shall be formed. 

(Ill) Ihe names and the residences of the medical directors who shall 
mam^ Si? Ihe association for the first year of its ejostence. 

vIV; The county in this State where such association shall operate. 
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Recorded in Courdy Clerk't Office. Filed with Secretory of Stale 

3. Such certificate shah be proved or ackoowlpdgt>d and recordtni as 
required of deeds of real estate in a book to be kept for th<* recoitiing of cer¬ 
tificates of incorporation in the office of the clerk of the county where the pur¬ 
poses of such association are to be carried out, and after being so recorded, 
shall be filed in the office of the 8c‘cretar>' of State; said certificate or a copy 
thereof duly certified by thf' said clerk or Secretary of State shall be evidence 
in all courts or places. 


A Body Politic. May Sue, etc. 

4. T^pon making such certificate and causing the same to be recorded 
and filed as aforesaid, thi* said physicians so as«>ciiiting themselves together 
and their successors shall by virtue of this act bi' a body iMilitic and corjMimte 
in fact and in law by the name staUHl in such certificate and by that name 
they and their 8Ucc(*tt.sor8 shall have jM'rtM'tual 8uce(‘S8ion with jwwer to sue 
and be suetl. plead and be impleadid, answer and Ik* answeri'd unto in all 
courts and places whatsoever and to make and use a common seal at pleasun*. 

ror;K/ra/e Xame 

5. The name of such ass<K iation sliall Ik* the “The Medical Milk Com- 

missionof. (d«‘signatingnanieof county) County, of New 

Jersey,” and in caa<‘ of inon* than one nsmK'iution shall lx* organizH under this 
act or otherwise, such subsequent association or aswK'iatums shall use the name 
designatixl her<*m, but shall indicate in such name its pro|K*r wquence in 
organization or incorpjration hy adding theret-o llie words: “Nuinbt*r Two,” 
“Number Thret*,” “Nuinbt*r Four,” or as the case may U*. 

Pouers of Directors. Certify to Milk 

6. Such medical directors sliall have* the |>ow’er from time to time to 
make, alter and amend by-laws not inconsistent with the (Constitution and 
l^ws of the l-nited States and of this State, fixing or altering the number of 
its nu'dieal dir(*rtors and providing for the imsh* of filling vaeuncii'S and re¬ 
moving any member from th(*ir numts’r and prescribing qualifications for 
memlH'rship in the a.S8f>ciation and the np|M)intm<‘nt of such agents and offi¬ 
cers a.s shall in their judgment tend to promote advance any puriMise or 
purposes of such eornmission, and to preserilK* their n*8|>ertive dutic*8: and for 
the regulating of the conditions under whi<'h milk shall Ik* produced by any 
dairyman or dairymen under contract with such eornmission. 

Such rm*dicnj milk commissions shall have |K»wer to certify to any milk 
produced under their supervi.sion whi(‘h shall intH*t the n*qiiiremerits herein¬ 
after rnentioni'd. 

No Comprnsahnn for Directors. Penalty 

7. No medical director of any association organized und(*r thw act shall 
receive, directly or indirectly, fnmi such a^)riation or dairyman or dairymen 
producing milk under agreement with such commission any salary or emolu¬ 
ment or any comwnsation of any kind or character for any s<*rvicc8 n-ndei^ 
under the provisions of this act, and any medical director who shall n*ceive 
any salary, emolument, or compensation of any kind or charact<*r for such 
services, shall be liable to a mmalty of one hundreil dollars ($1()0.(X)), to be 
recover^ in an action of debt by the association of which he is a member, 
and in Edition thereto shall l>e lemoved from his office as a member of said 
association and thereafter disqualified from becoming a memb«*r of any 
association incorporated under tnc provisions of this act, 

Agreemeni with Dairymen. Standard Milk. Terms of CotUrad 

8. Every such association shall have power to enter into asT<^menl in 
writing with any dairjTnan or dairymen for the pnKluetion of milk under the 
super^on of such assficiation for the purposes enumiTated in section one 
hereof and to prescribe in such agreement the conditions under which such 
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milk shall be produced, which conditions, howwer, shall not be below the 
standards of jpurity and quality for “Certified Milk” as fixed by “The Ameri¬ 
can Association ot Medical Milk Commissions,” and the standards for milk 
now fixed or that may hereafter be fixed by the Board of Health of the State 
of New Jersey. In any contract entered into by any such commission with 
any dairyman or dairymen, it may be provided that such medical milk com¬ 
mission may designate any analysts, chemists, bacteriologists, veterinarians, 
medical inspectors or other persons who in its judgment may be necessary for 
the proiier carrying out of the puriioscs of such commission for employment 
by such dairyman or dairymen and to prescribe and define their powers and 
dutira, and that such persons so employed by such dairyman or dairymen may 
be dischargi-d from employment whenever such medical milk commission 
may requrat such discharge or removal in writing. 

Certificale AtUtcIwd lo MUk Containers 

!). All containers of any kind or character used in the carrying or dis¬ 
tribution of milk produced by any dairyman or dairymen under contract with 
any inialical milk commission shall have attached thereto or placed thereon 
a certificate or seal bearing the name of the Medical Milk Commission with 
which such dairyman or dairymen producing such milk shall be under con¬ 
tract, which certificate shall have printed, stamiHsl or written thereon the day 
or date of the production of the milk contained in any such container and 
the words "Certified Milk” in plain and legible form. 

Subject to State Board of Health 

10. The work and methods of any Medical Milk Commission organized 
under this act aiul of the dairii's on which milk is produced under eontract 
with any such commission, shall at all times be subject to invi^stigation and 
scrutiny by the Board of Health of the Ktah’ of New Jersey. The secretary 
of said State Boartl of Health shall bi' an ex-officio member of every milk com¬ 
mission organized under this act. 

Milk Sot to he Sold as Certified VtUess Produced According to Standards. 

Penalty 

11. No person, firm or corporation shall si'll or exchange or offer or expose 
for sale or exchange as and for certified milk, any milk which is not produced 
in conformity with the methods and regulations iirescribed by and which does 
not bear the certification of a medical milk commission, incortsirated pur¬ 
suant to the provisions of this act or organized or incorimrated in some other 
.State for the purposes sia-cified in .Section 1 hereof, and which is not pro- 
ducixl in conformity with the methods and regulations for the production of 
certified milk froni time to time adopted by the .‘American Association of Med¬ 
ical Milk Ciimmisinons, and which is below the standards of purity and qual- 
ity for certified milk as fixed by the .\merican .Association of Medical RlUk 
Commissions; and any such pt'rsoix, firm or corporation violating any of the 
provisions of this section shall be guilty of a miMemeanor. 

Repealer 

12. All acts and parts of acts inconsistent with this act be and the same 
are hereby repealed, and this act sliall take effect immediately. 

Approved April 21, 1909. 

Attempts made by other medical milk commissions to have 
protective legislation enacted have not been successful. Where 
there is no legal protection for the term “certified milk,” physicians 
and consumers can be warned to buy no milk as certified milk 
which does not bear the words on the certificate “certified by the 
-Medical Milk Commission.” 
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The beneficial influence of certified milk has been twofold. 
In the first place, a milk of the highest quality becomes available. 
In the second place, the moral and educational influence is con¬ 
siderable. It has been clearly shown that a clean milk with less 
than 10,000 Imcteria per cubic c-entimeter can obtainetl and 
that the herd can l)e kept free from tul)erculosis and other infec¬ 
tions. Menace from pathojrenic bacteria has lx>en greatly reduce<l 
as a result of periodic medical examination of employees and 
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veterinary inspection of the animals. Sanitary inspection of cer¬ 
tified milk plants has been so successful as to materially reduce the 
chances of infection. In the 33d Annual Report of the State 
Board of Health of New Jersey (1909) an account is published 
which shows how much can be done by a competent, vigilant milk 
commission to suppress imminent danger of infection. In the 
dairy in question the medical examiner of the commission found 
one of the employees with an erythematous rash. This employee 
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was immediately isolated. A few days later another employee 
was found suffering from sore throat. He, too, was isolated, 
and the following day was found to have scarlet fever. Another 
suspicious case developed a day later. The commission came to 
the conclusion that all employees had been exposed and might be 
carriers. The men were stripped, given a scrubbing with soap 
and warm water, and were wiped with a 1 per cent, solution of 
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chlorid of lime. All—80 in number—were equipped with new 
milking suits which had been treated with formdin. In addition, 
the milk was pasteurized as long as danger from contamination 
seemed possible. The customers were notified of what had hap¬ 
pened and were informed that the milk would be pasteurized for 
Bome time. 

When such thorough work is done it may be said that ideal 
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conditions exist. However, with less vigilance there is a possi¬ 
bility that certified milk may prove untrustworthy. Several 
epidemics have been traced to milk the production and handling 
of which was surrounded by the most exacting precaution, but 
only one has Ijeen traced to certifieil milk. It sliould l)e re¬ 
membered in this connection that at present the amount of certi¬ 
fied milk consumed is less than 1 per cent, of the total milk- 
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supply. Too much faith may be placed in low bacterial counts 
to the neglect of regular medical examination and veterinary 
inspection. Genn carriers are often difficult to detect, and un¬ 
less medical and veterinary' examinations are made at sufficiently 
short intervals and unless they prove thorough and exhaustive, 
infection may be carried into a dairy farm from visitors or from 
employees. New employees should not be permitted to handle 
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milk before medical examination has shown them to be free from 
disease genns. It is also essential that dependence can be placed 
on the owner or superintendent of the dairy to report promptly 
every case of illness of an employee. 

The reliability of certified milk depends largely upon the 
personnel of the certifying commission and the capability of the 
experts employed by the commission. Dr. Coit conoments on 
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this phase of the subject in the following words: “A medical 
milk commission which fails to carry out any one or more of the 
essential parts of the system does not represent the system. 
The product which such commissions permit to be called certified 
represents a serious menace to tlie certified milk syston. Such 
certification establishes a false security in the minds of physicians 
and the public who have learned to trust the system and the 










































































CERTIFIED MILK 


495 


name. Such certification savors of deception and, as respects 
the milk itself, is a misbranding and falsification. The work of 
such a commission is a detriment to the cause of certified milk 
and reflects upon the reputation and diminishes the influence 
of the American Association of Medical Milk Commissions. A 
few such commissions have, unfortunately, gained admission to 
our Association. No chain is stronger tlian its weakest link, and 
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any commission which weakens the strength of this national chain 
should not be tolerated as a factor in the government or legisla¬ 
tion of the Association.” 

A score card has been worketl out for the guidance of medical 
milk commissions by the American Association. A copy of this 
card is given on pages 492-495. 

The work of medical milk commissions has had a most bene- 











































































4d6 


MILK 


ficial influence on milk production in general. The importance 
of bacterial counts as a guide for detecting imperfections in milk 
production has been amply demonstrated. It has been made 
clear that bacterial pollution in the first stages of production can 
be controlled in large measure, and that at later stages of handling 
or during transportation material increase in numbers of bac¬ 
teria can be avoided. The effect of cleanly production and con¬ 
tinued low temperature during transportation has been well 
illustrated by Mr. H. B. (Jurler, who sent milk from DeKalb, 
III, to the Paris exposition in 1900. The astonishment was 
great when it was found that after twenty-one days from the time 
of milking the product was .still sweet and wholesome. Similarly, 
it is a common practice to take bottles of certified milk for infant 
fee<ling on ocean trips. The milk will remain sweet for the period 
of the trip if kept cold. 

SufJervision of milk production by me<lical men and vet¬ 
erinarians has shown that the disease germs of man and cattle 
can 1)6 excluded with reasonable certainty. It is important, as 
has been pointed out, that this kind of supervision l)e painstaking 
and the work of competent experts. Careful tests for tubercu¬ 
losis with tuberculin must be made at intervals of six months, and 
all reacting cattle promptly removed. Care mast l)e exercised in 
regiird to introtluction of new animals. When all these precau¬ 
tions are conscientiously carried out certified milk can be de¬ 
pended upon to be of the highe.st quality and as free from infec¬ 
tious germs as our present knowledge can make it. 

From a commercial point of view there remains much to be 
done. Owners of some certified milk dairies claim that there is 
no profit in production. Dairymen, as a rule, are deterred from 
going into the business l)ecause a large capital is needed for equip¬ 
ment and tecause the overhead expense is large. To insure a 
safe product the control cannot be relaxed, but medical milk com¬ 
missions sometimes make extraordinarj' demands on the producer. 
Instead of receiving counsel the producer may lose his certificate. 
Troubles do arise occasionally, and the commission should then 
investigate and attempt to locate the trouble. Mistakes may 
have a discouraging effect on producers, especially when they are 
new to the business.' At each inspection some suggestion can 
be made, and the establishment of the producer can be gradually 
improved to relative perfection. A friendly attitude will do more 
go^ than insistance upon needless or arbitrary rules. Certified 
milk has filled a great need, and only by intelligent co-operation 
between producer and the commission can the greatest benefit be 
conferred upon the public. 

It has l)een demonstrated that milk practically equal to cer- 
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tified milk in ever>’ respet't can be produced at relatively small 
cost. The investment need not be as larne as is usually taken for 
l^nted. With the development of this asjject of the question 
the price of certified milk will gradually come within the reach of 
the p<K)rer classes. The writer lut<l wcimion to visit a dairy in 
southern Wisconsin where milk was produee<l under conditions 
acceptable to a medical milk commission. The bacterial counts 
of 17 tests made during the summer months averagcnl 2553 i)er 
cubic centimeter. Si.\ of the counts were Indow ItKK) and only 
one was 14,40t). The counts were made after three days’ incuba¬ 
tion at room tem|K-rature. Higher counts an* obtaincil by this 
nietho<l of incubation than by the accepted two days’ incubation 
at 37° C. The whole (Hiuipmenl of this dairy, exclusive of land 
and cattle, co.st alxait ?1IW(). This sum does not cover the cost 
of the original old-fashioned building, but does include the im¬ 
provements necessary to make the stable acceptable to the de¬ 
mands of the commission. It was a small dairy with a herd of 
30 cows and a daily fa-oduction of ‘250 quarts of milk. The milk 
was sold with a fair profit at li cents a (piart l<i a distributing 
dairy, which markc'led the milk and |)aid the ex|x'ns(> of certi¬ 
fication. Xattnally, the larger the lienl, the* more ditlicult it is 
to efficiently suixa vi.se all oix'ralions of milk production. Medical 
milk commi.s.sions can do much to encourage certified milk produc¬ 
tion by relieving producers from the necessity of investing capital 
in .suix'rttuous e(jni])ment. 

The movement has received much supixat by the foundation 
in ltH)7 of the .Association of Medical Milk (’ommi.ssions. In 
the following year the t’ertified Milk I’nxiuccrs’ A.s.s(K'iation was 
organized. By the concerlel efforts of these two organizations 
the production of cerlifie<l milk was placed on a sounder basis 
than Ix'fore. The .American A.ssociatioii of Me<lical Milk (.'oin- 
mis,sions ha.s published standards for certified milk which every 
naxlical milk commission is exix'cted to live up to. Following is 
a copy of the standards and regulations: 

METHODS A.VD ST.t.ND.tnDS FOR THE PRODITCTION .\XD D18- 
TRlRfTION OF CERTIFIED MIEK 

(Adopted bv the .American .AHsociatioii of Medical Milk Comniissiona May 1, 

l!tl2) 

IIVOIENE OF THE DaIHT 

Under the Supervieion and Control of the Veterinarian 

1. PaMuree or Paddoeke .—Pastures or paddocks to which the cows have 
access shall Ix' fr«' from marshes or stagnant {xxds, crossed by no stream which 
might b«:ome dangerously contaminati-d, at sufficient distances from of¬ 
fensive conditions to suffer no Iwd effects from them, and shall be free from 
plants which affect the milk deletcriously. 

32 
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2 . SmounMm of Buildim-Tke surroundings 0 / a« buildi^ shall 
bs keot dean and free from accumulations of ^.rubbish, decayed vege¬ 
table or animal matter or animal waste, and the stable yard shall be well 

o/BuMim-Buildings in which certihed milk ^ produced 
and handled dmU be so located as to insureproper shelter W gp^ dr^m 
and at miffieient distance from other buildings, dusty roads, culbvated Md 
dusty fields, and all other possible sources of contamination; provided, m the 
case of unavoidable proximity to dusty roads or fields, the exposed side shall 
be tcreened with cheesecloth. 

4. Corntnu-tinn of Stables.—The stables shall he constructed so as to facih- 
tatc the prompt and easy removal of waste products. The floors and plat¬ 
forms shall Is' made of cement or other non-absorbent material and the gut¬ 
ters of cement only. The floors shall be properly graded and drained, and 
the manure gutters shall be from 6 to K inches deep and so placed in rela¬ 
tion to the platform that all manure will drop into them. 

5. The inside surface of the walls and all interior construction shall be 
smooth, with tight joints, and shall be capable of shedding water. The 
ceiling shall Ik- of smooth material and dust-tight. All horizontal and slant¬ 
ing surfaces which might harbor dust shall be avoided. 

8. Ihinking and Fred Troughs. —Drinking troughs or basins shall be 
drained and cleaned each day, and fei-d troughs and mixing floors shall be 
kept in a clean and sanitary condition. 

7. Stanchiom. —.Stanchions, when used, shall be constructed of iron pipes 
or hard wikkI, and throat latches shall be provided to prevent the cows from 
lying down between the time of cleaning and the time of milking. 

H. Verdilation. —The cow stables shall be provided with adequate ven¬ 
tilation either by means of some approvi-d artificial device, or by the substitu¬ 
tion of cheesecloth for glass in the windows, each cow to be provided with a 
minimum of 800 cubic feet of air space. 

9. Windows. —A sufficient number of windows shall be installed and so 
distributed as to provide satisfactory light and a maximum of sunshine, 2 
feet square of window area to each 600 cubic feet of air space to represent the 
minimum. The coverings of such windows shall be kept free from dust and 
dirt. 


10. Exchmon of Flits, etc. —All necessary measures should be taken to 
prevent the entrance of flies and other insects and rats and other vermin into 
all the buildings. 

11. Exclwnon of Animals Jrhm the Herd. —No horses, hop, dop, or other 
animals or fowls shall be allowed to come in contact with the certified herd, 
either in the stables or elsewhere. 

12. Bedding. —No dusty or moldy hay or straw, bedding from horse 
stalls^ or other unclean materials shall be used for bedding the cows. Only 
bedding which is clean, dry, and absorbent may be used, preferably shavings 
or straw. 

13. Cleaning Stable and Dispos^ of Manure. —Soiled bi-dding and manure 
shall be removed at least twice daily, and the floors shall be swept and kept 
free from refuse. .Such cleaning shall be done at least one hour before the 
milking time. Manure, when removed, shall be drawn to the field or tem¬ 
porarily stored in containers so screem^ as to exclude flies. Manure shall 
not be ev-en temporarily stored within 300 feet of the barn or dairy building. 

14. Cleaning of Coim. —Each cow in the herd shall be groomed daily, 
and no manure, mud, or filth shall be allowed to remain upon her during 
milking; for eleaning, a vacuum apparatus is recommended. 

16. Clipping. —l/mg hairs shau be clipped from the udder and flanks of 
the cow and from the tad above the brush. The hair on the tail shall be cut 
10 that the brush may be well above the ground. 

16. Cleaning of Odders. —The udders and teats of the cow shall be cleaned 
before milking; they shall be washed with a cloth and water, and dry wiped 
with another clean sterilized cloth—a separate doth for drying each cow. 

17. Feeding. —All food-stufls shall be kept in an apartment separate from 
and not directly communicating with the cow barn. They shall be Inought 
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into the b«ni only immediately before the feeding hour, which shall f(dlow the 
milking. 

18. Only those foods shall be used which consist of freah, {Ntlatable, or 
nutritious materials, such as will not injure the health of the cows or un¬ 
favorably affect the taste or character of the milk. Any dirty or moldy food 
or food m a state of decoiniiosition or putrefaction shall not be mven. 

19. A well-balanccxl ration shall be used, and all changes of ftaxl shall be 
made slowly. The first fisHlings of grass, alfalfa, ensilage, gns'ii corn, or utlier 
green feeds shall be given in small rations and increased gradually to full retiim, 

20. Eiercite .—All dairy cows shall be turned out for excrcim' at least two 
hours in ca<di twenty-four m suitable weather. Exercise yards sliall be kept 
free from manure and other filth. 

21. IfosAiap of Haruh .—Conveniently located facilities shall be provided 
for the inilkens to wash in before and during milking. 

22. The hands of the milkers shall b<' thoroughly washed with soap, 
wahT, and brush and carefully dried on a cleim towel immixliately liefore 
milking. The hands of the milkers shall b<‘ 111181x1 with clean water and 
carefully dried bi-fore milking each cow. The practice of moistening the 
hands with milk is forbidden. 

23. Milhing CUithtn. —t3i‘an overalls, junifST, and can shall bi* worn 
during milking. They shall Is’ washed or stenhsixl each any and uwd for 
no other puriswe, and « hen not in use they shall b*' kept m a eliam place, 
protected from dust and dirt. 

24. Things io In .leoiderf hy Afi/Arrs.—While engaged ulsiut the dairy or 
in handling the milk employees shall not use tobacco nor intoxicating liquors. 
They shall keep their fingers away from their nose and mouth, and no milker 
shall iieniiit his hands, fingers, li|is, or longue to come in contact with milk 
intended for sale. 

2 .'). I>uriiig milking the milkers shall be careful not to touch anything 
but the eleaii t«li of the milking sfisil, the milk pail, and the cow's Puts. 

26. Milkers an* forbidden to spit uixin the walls or flisirs of stables, or 
upon the walla or fliairs of milk housi'S, or into the water used for cooling the 
milk or washing the upmsila. 

27. Fori-milk .—The first streams from each teat shall be niected, as this 
fore-milk contains large numbers of bacteria. Such milk shall Is- eollei’p'd 
into a aeiiarate vessel and not milkiHl on pi the floors or into the gutters. The 
milking shall Iw done raiiidly and quietly, and the cows shall !«• tnaiP'd kindly. 

28. Milk and Valnng /'iriw/.—Milk from all cows shall Iw excluded for 
a period of forty-five days before and seven days afp'r parturition. 

29. Bloody and Slriityy Mtlk .—If milk from any cow is bliaidy and string 
or of unnatural appearance, the milk from that cow shall Is* rejeepsi and tne 
cow isohited from the herd until the cause of such abnormal apnearance has 
been determined and n-rnovi-d, s[)ecial attention twing given in the mointime 
to the feeding or to possible injurira. If dirt gets into the pail, the milk shall 
be discarded and the pail washed before it is usmI. 

.■JO. Make-up of Herd .—No cows except those receiving the same super¬ 
vision and care as the certified herd shall be kept in the same bam or brought 
in contact with them. 

31. EmpUiyrrs Other than Aftffor*.—The ixxiuiremcnta for milkers, rela¬ 
tive to garments and cleaning of hands, shall apply to all other (M'rsons hand- 
fing the milk, and children unattended by adults shall not be allowed in the 
dairy nor in the stable during milking. 

32. Straining and .S'froiwrs.—Promptly after the milk is drawn it shall 
be removed from the stable pi a clean room and then emptied from the milk 
pail to the can, being strained through strainers made of a double layer of 
finely meshed cheesecloth or absorbent cotton thoroughly sterilised. Sev- 
eral strainers shall be provided for each milking in order that they may he 

****'m. hairy ^^ing. —A dairy building shall be provided which shall be 
located at a distance from the stable and dwelling prescribed by the local 
oommission, and there shall be no hogpen, privy, or manure pile at a higher 
level or within 300 feet of it. 
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2. SmounMm of Buildim-Tke surroundings 0 / a« buildi^ shall 
bs keot dean and free from accumulations of ^.rubbish, decayed vege¬ 
table or animal matter or animal waste, and the stable yard shall be well 

o/BuMim-Buildings in which certihed milk ^ produced 
and handled dmU be so located as to insureproper shelter W gp^ dr^m 
and at miffieient distance from other buildings, dusty roads, culbvated Md 
dusty fields, and all other possible sources of contamination; provided, m the 
case of unavoidable proximity to dusty roads or fields, the exposed side shall 
be tcreened with cheesecloth. 

4. Corntnu-tinn of Stables.—The stables shall he constructed so as to facih- 
tatc the prompt and easy removal of waste products. The floors and plat¬ 
forms shall Is' made of cement or other non-absorbent material and the gut¬ 
ters of cement only. The floors shall be properly graded and drained, and 
the manure gutters shall be from 6 to K inches deep and so placed in rela¬ 
tion to the platform that all manure will drop into them. 

5. The inside surface of the walls and all interior construction shall be 
smooth, with tight joints, and shall be capable of shedding water. The 
ceiling shall Ik- of smooth material and dust-tight. All horizontal and slant¬ 
ing surfaces which might harbor dust shall be avoided. 

8. Ihinking and Fred Troughs. —Drinking troughs or basins shall be 
drained and cleaned each day, and fei-d troughs and mixing floors shall be 
kept in a clean and sanitary condition. 

7. Stanchiom. —.Stanchions, when used, shall be constructed of iron pipes 
or hard wikkI, and throat latches shall be provided to prevent the cows from 
lying down between the time of cleaning and the time of milking. 

H. Verdilation. —The cow stables shall be provided with adequate ven¬ 
tilation either by means of some approvi-d artificial device, or by the substitu¬ 
tion of cheesecloth for glass in the windows, each cow to be provided with a 
minimum of 800 cubic feet of air space. 

9. Windows. —A sufficient number of windows shall be installed and so 
distributed as to provide satisfactory light and a maximum of sunshine, 2 
feet square of window area to each 600 cubic feet of air space to represent the 
minimum. The coverings of such windows shall be kept free from dust and 
dirt. 


10. Exchmon of Flits, etc. —All necessary measures should be taken to 
prevent the entrance of flies and other insects and rats and other vermin into 
all the buildings. 

11. Exclwnon of Animals Jrhm the Herd. —No horses, hop, dop, or other 
animals or fowls shall be allowed to come in contact with the certified herd, 
either in the stables or elsewhere. 

12. Bedding. —No dusty or moldy hay or straw, bedding from horse 
stalls^ or other unclean materials shall be used for bedding the cows. Only 
bedding which is clean, dry, and absorbent may be used, preferably shavings 
or straw. 

13. Cleaning Stable and Dispos^ of Manure. —Soiled bi-dding and manure 
shall be removed at least twice daily, and the floors shall be swept and kept 
free from refuse. .Such cleaning shall be done at least one hour before the 
milking time. Manure, when removed, shall be drawn to the field or tem¬ 
porarily stored in containers so screem^ as to exclude flies. Manure shall 
not be ev-en temporarily stored within 300 feet of the barn or dairy building. 

14. Cleaning of Coim. —Each cow in the herd shall be groomed daily, 
and no manure, mud, or filth shall be allowed to remain upon her during 
milking; for eleaning, a vacuum apparatus is recommended. 

16. Clipping. —l/mg hairs shau be clipped from the udder and flanks of 
the cow and from the tad above the brush. The hair on the tail shall be cut 
10 that the brush may be well above the ground. 

16. Cleaning of Odders. —The udders and teats of the cow shall be cleaned 
before milking; they shall be washed with a cloth and water, and dry wiped 
with another clean sterilized cloth—a separate doth for drying each cow. 

17. Feeding. —All food-stufls shall be kept in an apartment separate from 
and not directly communicating with the cow barn. They shall be Inought 
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in a^rdMCP wrth the nUw and n-jpUatJon* of the United SULw Govrnv- 
ment, and aU reactore shall be removed immediaU lv from the farm ' 

46. No new animals sliall be admitUxl to the herd without first havin* 
pass^ a satiafactor>’ tuberculin test, made in ai coidanee with the rules and 
relations mentioned: the tubereutin to be obtained and applied onlv by the 
official veterinarian of the conmiitision. 

j**!' following the application of the tuberculin te'st to a 

herd for the purpose of eliminating tulMr<‘uloufl cattle, the cow stable and 
exen ising yards shall be disinfected bv the veterinary ins|K*ctor in acctirdanw* 
with the nih* and n^guiations of the t-niu-d vStalc*8 (^loveniinent 

48. A second tuberculin ti'st shall follow <‘ach primary tc'st after an in¬ 
terval of six montlis, and shall l>e uppliid in neeordanee wifh the rules and 
regulations mentiom^d. Then'afUr, tu!)ereuhn t<‘sls shall Ih‘ reapplied an¬ 
nually, but it IS n'commendcxl timt the n-tests Ik* applied wnii-unnuallv. 

45). liU nttjicahon of rmrs.—B'^ch dairy eow in (‘aeh of the eert.ilic'tl herds 
shall b<* lab<*k*d or tagged with a number or mark which will iMrinanentlv 
identify her. 

50. Uvrd-iiook /eccorf/.—Eaeh cow in the herd shall Ik* regist<-re<i in a held 
book, which register shall h<* accurately kept so that her (‘ntraiice and di*- 
piirture from the herd and Ikt tubereuhn testing ean In* identifi<*<l. 

51. A <'ony of this herd-l><K)k reeonl shall be kejit in tin* hands of the vet¬ 
erinarian of th<’ nu*dieal inilk ('omnussion under winch tlic dairy farm is ojXT- 
ating, and the veU*rinarian shall lx* made rt'sixinsible f<»r the aceuraev of this 
HTord. 

52. Datii* of Tuh'rntlin yc^As-.—The dati'S of the annual tuix'retilin tests 
shall be definitely aiTang*^ by the nu'dieal milk (*oiniinssn»n, and all of the 
results of such tests shall be r(*eord«‘d by the \'eteruiarian and regularly it*- 
|Mjrt^*d to tin* se(*retary of tlx* nii'dH'al milk eoinmission issuing the I’ertihcati*. 

5d. 1 he r<‘sults of all tubereuhn lest** shall la* kept on fih* bv em'li nx'ilical 
milk coinmissKin, and a cnpy of all siieli tests sliall lie nja<le available to the 
American .Association of 5itxlical Milk (Commissions foir statistM*al purtJOHes. 

54. Th<* proper d(‘Signat<xl offie(‘rs of tlie Arneriean Association of M<tiical 
Milk Commissions should n*ceive faipies of rep4»rts of all of the annual, semi¬ 
annual, and other official tuberculin ti'st** which are maih* aiul k<‘cp copies of 
the same on file and compile them annually for tlie nw* of the association. 

DisiMisihitn of ('(or.'y Sirh irrth fhstoms Offur (hntt 7'ahfjcahwis.— 
Cows having rheumatism. li‘ukorrh<*a. inflamnmtion of the uterus, w'verc 
diarrhea, or disease of the ud<ler. or cows that from any other < ause may Im* 
a menace to the herd shall la* reiiu>\ed from tlie IxTd and placcii in a building 
separate from that whieh mav la* used for the i.solation of rows with IuImt- 
culosis, iinlt'ss such building ha.s been properly disinfected since it was last 
used for this pur|K>s(* The milk from smdi cows shall mU la* us»*d in»r shall 
the cowa lx* r«^t<ir(‘d to the herd until fx'rrnissiim has be<*n given by the 
veterinary insp<‘ctor after a careful phyaicul e.vamination. 

.50. Xotffirnitori of Vi-lrnnnnj ImprcUrr .—In the f*vent of the oceurrenc<* 
of any of th<* dijM‘a8f*s just di'scrilx'tl rx*twcK*n the visits of the veterinar>' in¬ 
spector, or if at any time a niirnlxT of rows become siek at one time in such 
a way a.s to suggest the outbn*ak of a rontagious disease or fxtiHoning, it shall 
be the duty of the dairyman to withdraw sueh sickemd eattle from the hcT<l, 
to destroy their milk, and to notify the veterinary inHfx*ctor by telegraph or 
telephone immediately 

57. EmaciaUti (’own —Tows that are eraaeinb*d from ehronie di«*8s<*s or 
from anv cause that in the f»pinion of the veterinaiy insjxx’tor may (•ndunger 
the quality of the milk, shall bo renmv<‘d frrxn the herd. 

B\rTEH!OWmTi' STASmARriR 

58. Bacterial CnunU .—Certified milk shall contain lefw than 10,000 bac¬ 
teria per cubic centimeter when drliven*<l In case a count fTsceeding 10,(KK) 

* Sec Circular of Instructions issued by the Bureau of Animal Industry for 
making tuberculin tests and for disinfection of premises. 
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2. SmounMm of Buildim-Tke surroundings 0 / a« buildi^ shall 
bs keot dean and free from accumulations of ^.rubbish, decayed vege¬ 
table or animal matter or animal waste, and the stable yard shall be well 

o/BuMim-Buildings in which certihed milk ^ produced 
and handled dmU be so located as to insureproper shelter W gp^ dr^m 
and at miffieient distance from other buildings, dusty roads, culbvated Md 
dusty fields, and all other possible sources of contamination; provided, m the 
case of unavoidable proximity to dusty roads or fields, the exposed side shall 
be tcreened with cheesecloth. 

4. Corntnu-tinn of Stables.—The stables shall he constructed so as to facih- 
tatc the prompt and easy removal of waste products. The floors and plat¬ 
forms shall Is' made of cement or other non-absorbent material and the gut¬ 
ters of cement only. The floors shall be properly graded and drained, and 
the manure gutters shall be from 6 to K inches deep and so placed in rela¬ 
tion to the platform that all manure will drop into them. 

5. The inside surface of the walls and all interior construction shall be 
smooth, with tight joints, and shall be capable of shedding water. The 
ceiling shall Ik- of smooth material and dust-tight. All horizontal and slant¬ 
ing surfaces which might harbor dust shall be avoided. 

8. Ihinking and Fred Troughs. —Drinking troughs or basins shall be 
drained and cleaned each day, and fei-d troughs and mixing floors shall be 
kept in a clean and sanitary condition. 

7. Stanchiom. —.Stanchions, when used, shall be constructed of iron pipes 
or hard wikkI, and throat latches shall be provided to prevent the cows from 
lying down between the time of cleaning and the time of milking. 

H. Verdilation. —The cow stables shall be provided with adequate ven¬ 
tilation either by means of some approvi-d artificial device, or by the substitu¬ 
tion of cheesecloth for glass in the windows, each cow to be provided with a 
minimum of 800 cubic feet of air space. 

9. Windows. —A sufficient number of windows shall be installed and so 
distributed as to provide satisfactory light and a maximum of sunshine, 2 
feet square of window area to each 600 cubic feet of air space to represent the 
minimum. The coverings of such windows shall be kept free from dust and 
dirt. 


10. Exchmon of Flits, etc. —All necessary measures should be taken to 
prevent the entrance of flies and other insects and rats and other vermin into 
all the buildings. 

11. Exclwnon of Animals Jrhm the Herd. —No horses, hop, dop, or other 
animals or fowls shall be allowed to come in contact with the certified herd, 
either in the stables or elsewhere. 

12. Bedding. —No dusty or moldy hay or straw, bedding from horse 
stalls^ or other unclean materials shall be used for bedding the cows. Only 
bedding which is clean, dry, and absorbent may be used, preferably shavings 
or straw. 

13. Cleaning Stable and Dispos^ of Manure. —Soiled bi-dding and manure 
shall be removed at least twice daily, and the floors shall be swept and kept 
free from refuse. .Such cleaning shall be done at least one hour before the 
milking time. Manure, when removed, shall be drawn to the field or tem¬ 
porarily stored in containers so screem^ as to exclude flies. Manure shall 
not be ev-en temporarily stored within 300 feet of the barn or dairy building. 

14. Cleaning of Coim. —Each cow in the herd shall be groomed daily, 
and no manure, mud, or filth shall be allowed to remain upon her during 
milking; for eleaning, a vacuum apparatus is recommended. 

16. Clipping. —l/mg hairs shau be clipped from the udder and flanks of 
the cow and from the tad above the brush. The hair on the tail shall be cut 
10 that the brush may be well above the ground. 

16. Cleaning of Odders. —The udders and teats of the cow shall be cleaned 
before milking; they shall be washed with a cloth and water, and dry wiped 
with another clean sterilized cloth—a separate doth for drying each cow. 

17. Feeding. —All food-stufls shall be kept in an apartment separate from 
and not directly communicating with the cow barn. They shall be Inought 
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66. S^plM milk for plating shall be dUuted in the proportbn of 1 
part of nulk to 99 porta of sterile water; shake twenty-five ton and plate 
1 o.c. of the dilution. 


The committee on bacterial milk analyses of the Ameriean Ihiblie Health 
Association in Part IV of its rejiort presented details with respect to ptatina 
apparatus and technic in part as follows; 

Phtirig Apporo/Ms.—For plating it is best to have a water-bath in which 
to mdt the media and a water-jm'keted wator-bath for kci-ping it at the 
rcomred temperature; a win' rack which should fit both the water-lmths for 
holdmg the media tubes; a thcrmonietor for recording the temiwraliirc of tlw 
wator in the water-jacketed bath, sterile 1 c.c. pipke, sterile Petn dishes, 
and sterile dilution water in measured quantities. 

Dilutwtus .—Ordinary |>utable water, stc-rilired, may be used for dilu¬ 
tions. Occasionally srxin- forms arc found in such water which resist onli- 
nary autoclave sterilisation; m such cases diKtilhxl water may be UHe<l or the 
autoclave pn'ssun' increasid. With dilution water in 8-ounce liottlcs cali¬ 
brated for 119 c.c. ... all the neci«aary ililutions may bi' made. 

Short, widi^niouthi'd “blakes" or widi'-mouthid Fn'iich square Ixitthw 
an' more I'lisUy handled and more economical of space than other fonns of 
bottles or flasks. 

Eight-ounce bottles an* the best, as the n'quind amount of dilution 
water only about half fills them, leaving niom for shaking. Ismg-fiber 
non-absorbent cotton should Ix' U8i*d for plugs. It is well to usi- can* in wli'ct- 
ing cotton for this puqHxw. to avoid short-tilx'r or dustv cotton, which gives 
a cloud of Unt-hke particles on shaking liottlcs . . . should lx‘ fillixl a little 
over the 99 c.c. . . . to allow for loss during sterilizatioii. 

PijwUi .—Straight sides 1 c.c. pijx'ts an' mon' easily handlixl than thow" 
with bulbs; they may tx' made from ordinary I'n-inch glass tubing and should 
Ix' about 10 inches in length. 

Platinq 3’rrhmc. —The agar after melting should Ix' kept in the water- 
jackebxl water-bath Ix-twis'ii 40° and 4.°)° C. for at least fiftis-n minutes 
Ix'fore using to make sure that the agar itself has n'ached the ternix-rature 
of the suiTOunding water If used t<xi warm the heal may destroy some of 
the bacteria or retard their gniwth. 

Shake the milk sample twenty-five times, then with a sterile jii|H‘t trans¬ 
fer Ice. to the first dilution water and rinse the pi|Mt by drawing dilution 
water to the mark and expelling; this gives a dilution 1 to 100 

. . . Then with a sterile pi|x't transfer 1 c.c. to the Petri dish, using care 
to raise the cover only ns far an nix'essnry to insert the end of the pipet. 

Take the tube of agar from the water-bath, wipe the water from outside 
the tube with a pitx'c of cloth, n'move the plug, [lass the mouth of the tube 
through a flame, and pour the agar into tlie plate, using the same care as 
before to avoid exposure of the plate contents to the air. 

Carefully and thoroughly mix the agar and diluti-d milk in the Petri dish 
by a rotary motion, avoiding the formation of air biibbh's or slopping the 
agar, and after allowing the iqtar to harden for at least fiftwn mimitrti at 
room temperature, place the dish bottom down in the incubator. 

Plating should always Ix' done in a place fnx' fn>m dust or currents of air. 

In order that colonies may have sufficient fixid for profifr development 
10 c.c. of agar shall he used for each plate. 


67. DeUrminaium of Tantt and Odor of Milk .—After the plates have been 
prepared and placed in the incubator, the taste and odor of the milk shall be 
determined after warming the milk to 100“ F.‘ 

68. Coiinfs.—The total number of colonies on each plate should be 
counted, and the results expressed in multiples of the dilution factor. Colonics 

* Should it be deemed desirable and neceaiary to conduct test* for sedi¬ 
ment, the presence of special bacteria, or the number of leukocytes, the 
methiMis adopted by the committee of the American Public Health Associa¬ 
tion should be followed. 
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Um small U> he seen with the naked eye or with slight magnification shall not 
be considered in the count. 

69. Hi'cmU of BacUriologic TusU.—The rcsuJts of alJ bacterial teste sliaU 
be kept Oil fiJe by the wHTetary of each commission, copies of which should 
be made avaiJaljlc annually for the use of the American Association of Medical 
MUk Commissions. 


Chemical Standards and Methods 

The niethoclH that must be followed in carrying out the chemical investi¬ 
gations <*H8c*nlial to the probH'tion of cc'rtified milk are so complicated that in 
order to keep th<* of the chemist at a reasonable figure, there must be 
eliminabHl from the <'xamination those* procedures which, while they might 
be helpful and inb'resiing, are in no mmsi* n<‘ce88ary. 

For this reas<in the detennination of th(* water, the total solids, and the 
milk-sugar is not n*qum‘d as a j)!irt of the routine examination. 

70. Th(‘ eh(‘niical }inaly8f*8 shall be made by a conqH'tent chemist desig- 
natcHl by the medical milk commission. 

71. AfelfuMl of Ohlairiiruf S<wiph‘». —The samph*8 to be examined by the 
chemist shall have Imh'h (‘xamined previously by the bacteriologist designat'd 
by the medical milk commission as to temperature, odor, taste, and bac¬ 
terial eoiit'nt. 

72. Fat l:^tniuUmU—T\\e fat standard for certified milk shall be 4 per 
cent., with a |>ermissibl(* range of variation of from 3.5 to 4.5 |X‘r cent. 

73. Tlie fal standard for <‘ertified cream shall 1m* not h*s8 than 18 per cent. 

71. If it is (lesirtHl to h<* 11 higher fat-percentage milks or creams as eerti- 

fi(*d milks (ir creams, the range of variation for such milks shall be 0.5 p(*r 
cent, on eith<*r side of t.h<* adv<'rtis(‘d ixTcentage and the range of variations 
for such er<‘ams shall lx* 2 per cent <in eitluT side of the advertised fKTeentage. 

75. The fat content of certified milks and creams shall lx* d(‘termin<*d at 
least once each namth. 

7(1. The methods r('(‘onimended for this purjMise are th(* Babeoc-k (<i), 
the beffmaim-Beam (/»), and the Gerber (c). 

(«) fialM'ork Ti.st .—The Babc(M*k test is bas(‘d on the fact that strong 
sulphunc acid will <lissolve the non-fattv solid constituents of milk, and thus 
enable the fat to s(*pnrat(‘ on stamling. It, can b(‘ eonduct<*d bv any of the 
Babcfiek outfits which an* purchasable in the market. 

yi'he tc'st is inade by placing in the special t(‘st bottle* IS grams (17.(1 c.c.) 
of milk. To this is addial, from a pipel, bun‘t, or measuring bottle, 17.5 c.c. 
commercial sulphuric acid of a .spenafic gravity of 1 .S2 to 1.8.3. The con- 
tente f>f the* Ixittle an* can’fully and thoroughly mixed by a rotarv motion. 
The mi.\tun‘ be‘eonH*s brown and heat is generated. I'he* tost bottle is now' 
placeal in a propiTly balanced e*entrifuge and whirled for five minutes at a 
speed of from SCO te> 12(X) revolutions per minute. Hot water is then added 
to fill the Ixittle to the lowe*r part of the ne’ck, aft4*r which it is again whirled 
for two minute’s. Now, enough hot w'ate*r is added to float the column of 
fat mte> the graduated |X)rtion of the nevk of the bottle, and the whirling is 
rj'pe^abd for a minute. The amount of fat is n'ad while the neck of the bot¬ 
tle is still he)t. The* reading is from the upfx*r limits of the meniscus. A 
nair of cali|M*ra is of assistance in measuring the column of fat.” (Jensen’s 
Milk Hygie*ne, l/xmarel Pf*ar8on‘8 translation.) 

Te»t. —The distinctive feature is the use of fusel oil, 
the ofU'ct of w’hich is to pnduce a j^ater difTerence in surface tension between 
the fat and the liquid in w'hich it is susjx'nded. and thus promote its readier 
separatu»n. This ('ffiTt has been found to be heightened by the presence 6f 
a small amount of hydrochloric acid. 

The b*8t lM)ttlt*s have a capacity of about 30 c.c. and are provided with a 
graduated neck, each division of which repn^ente 9.1 per cent, by weight 
of butter4at. 

Fif^n centimeters of the milk are measured into the bottle, 3 c.c. 
of a mixture of equd parts of amyl alcohol and strong hydrochloric add 
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add^ and i^ed. Then 9 c,c. of concentrated Bulphuric acid is addt*d in 
portions of about 1 c.c.; after each addition the Uquids are mixed bv mvina 
the bottle a gyratory motion. If the fluid has not lost all f>f its miliy color 
by this treatment, a little more (‘onrentrated arid must be added The 
neck of the bottle is now immediately fiUed at about the *ero iniint with 1 
part sulphuric acid and 2 parts water, well mixed just hefon> using. BoUi 
the liouid in the bottle and the dUuted acid must b<* hot. The bottle is then 
placed at once in the centrifugal machine; after rotation from one to two min¬ 
utes, the fat will collect in the neck of the bottle and the p(*reentagf* may be 
read off. 


(c) Gcrber^s Test .—This test is applied as ft»llows: The test botth* are 
put into the stand with the mouths uppennoet; then, with the pi|w t dehigntd 
for the purpose, or w'ith an automatic measurer, 10 c.c. of sulphuric acid an* 
filled into the t(*8t b<»ttle, care being taken not to allow anv to come in con¬ 
tact with the nook. The few dnijw remaining in the tip oi” the pi|H‘l slmuld 
not be blown out. Then 11 c.c. of milk an* ineasijr(*tl with the pro|N‘r pipet 
and ailow’(*d to^flow slowly on to the acid, so that the two liquids mix as little 
us possible. Finally, the amyl uU'oliol is add<d. (If is iin(H>r1ant to U8<‘ 
the reagents in the pn)per order, which ij^sulnhuric acid, milk, amyl alrihol. 
If the sulphuric acid is followed by amyl alcohol and tlx' milk last, then the 
result is sometinu's ineorn*ct.) A rubber stopper, which must not la* dam- 
ag<‘d, is then fitted into tin* mouth of tlie U^i b(»ttle, and the eontents aw* 
well shaken, tlu* thumb being k('pt (»n the stopjaT to pwM'iil if coming out. 
As a Considerable amount of lieat is ge'neraleal b} the* action of the sulphuric 
acid on the imik, the te-st bottle should 1 m“ wrapjaai in a cloth. 

'I he shaking of the sample must be done thoroughly aiul quickly, and the 
U*st bottle inverted se*v(‘ral tiinev, so that the' licpiul in the* neck laremies 
th()re)Ughly mixed Hy pn‘ssing in the* rublar 8top|MT tlie* heaght e)f the 
Iiepiiel (*an lx* brought to ulKHit the* zeTe) |H>int on tin* scale. 

If only a f(‘w sample's have to lx* analyzed and the* reaun is warm, the tent 
beetles (*an be* jnif into the* ce*ntrifug(* witlamt any pre liminary he*atmg, either- 
wise* the* test bottIe*s must be warmed for a f(*w minute's (not longer) in the 
wate*i-bnth at n te'mia*rature of (>0® to Go® C'. W h<‘n the* tem|a‘rature* rises 
highe*r than thi.s, sav abene 70® (', the* rubla'r stop|a*r is liable* to be* bletwii 
out e)f the test he)ttle*. .\fter tlie* t(‘Kt bottl(*s have* be‘<*n lu'ate'd the*y are 
arrange'd Rvmm(*tri<'ally in the e-e ntrifiige anel whir!e*d for three to four min¬ 
ute's at a sjx‘e*el of about UKK) n ve>lufions |a*r minute* ^\ he n the* centrifuge 
has .a he'ating arrange‘me*nt attacheel to it, the* pre-hmiiiar> warming is imt, 
of ceHirse*. necc*s.sary Whe*n the test bottles are fak<*n out eif the centrifuge, 
fhe'v are again placed in the wafer-bath at a tcnipe'rnture* eif t»0® to Gfi® 0,, 
and le*ft there fi>r se ve'ral minute's b<*fe>re* be*ing wad: where the e*(*ntrifuge* is 
heated, the* tube's <*nn lx* r<*ad off as taken freuii the centrifuge. 

Bv carefully scre'wing in the nibber stojipcr, eir e*\{ri lav pressing it, the 
lower limit of the fat e*ohimn is brought on to euieeif (he* nmiri divisions of the 
Re*ale, and then, by holding the te*.d bottle* against the light, the h<*igh1 eif the 
column e»f fat (*an be accurat(*ly asce'rfained. The low’cst peiint (►f (he nu'ii- 
iscus is taken as the* leve*l when reading the* upper surface of the* fat in a sample 
of whole milk, and the* mideile* of the rne'nisrus for Bef)arat<*<l milk. 

If the* column of fat is not clear and sharply defined, the sample must be 
again whirled in the centrifu^. 

Each division on the scale* is equivalent to 0.1 pe*r e*cnt, «o it is very easy 
to read to OO^ per cent. or. with a lens, to 0.02.'> |H*r cent. If the number 
wrhich is wad off is multiplied by 0.1, then the ixTcentsge quantity of fat in 
the milk is obtained, e. g.. if the number on the scale was 30.6, then tlie per¬ 
centage of fat is 3.06. (Milk and Dair\’ Products, Parthel; translated by 
Goodwin, p. 71.) 


77. Before condemning samples of milk which have fallen outside the 
limits allowed, the chemast shall have determined, by control ether <*xtrac- 
tions, that his apparatus and his technic are reliable. 

78. Protein Standard .—The protein standard for certified milk shall be 
3.50 per cent., with a permissible range of variation of from 3 to 4 per cent. 



506 


MILK 


79, The protPin standard for certified cream shaH correepond to the pro- 

utRndard for certified milk, , ^ , 

S) 'I'll.' i-rotcin content shall be determined only when any special con- 
Ri(/cration w'l ins to the medical milk commission to make it desirable. 

SI. It shall la- determined by the Kjcldahl method, using the Gunninjt 
or some other rf'lishle modification, and employing the factor 6.25 in reckon¬ 
ing the protein from the nitrogen. 

KjeMah! Mclluid. —V'we cubic ccntimetere of milk are measured care¬ 
fully into a flat-lKittom SOO c.c. Jena flask, 20 c.c. of concentrated sulphuric 
acid (C. sp. gr., 1.S4) are added, and 0,7 gram of mercuric oxid (or its 
equivalent in ini'tallic mercury); the mixture is then heated over direvt feme 
until it is straw-colored or (X'rfectly white; a few crystals of potaasium per- 
inanipinate are now added till the color of the liquid remains green. All 
the nitrogen in the milk has then been converted into the fonn of ammonium 
sulphate. AfPr cooling, 200 c.c. of ammonia-free distilled water are added, 
20 c.c. of a solution of potassium sulphid (containing 40 grams sulphid 
per liter), and a fraction of a gram of [jowdered zinc. A quantity of semi- 
iionnal IICI solution more than sufficient to neutralize the ammonia obtained 
in the oxidation of the milk is now carefully measured out from a delicate 
buret (divided inhi e.c.) into an Erlenmeyer flask and the flask connect^ 
with a distillation apparatus. At the other end the Jima flask eontaining 
the watery .solution of the ammonium sulphate is connect'd, after adding 
50(i,c. of a eoncentratisl soda solution (1 pound “pure potash" dissolved in 
500 c.c. of distilled water and allowed to settle); the contents of the Jena 
tiAMK arr now hi'afod to boiling, and the diattllation is continued for forty 
niinub‘s tf) an hour, until all ununonia has 1 x ^*0 diatilhtd ov(*r. 

*•* ? Erlenmeyer niceiving fhujk is then accurately 

titraM back by means of a tenth-nornial standard ammonia solution, using 
a WK^hineuI solution as an indicator. From the amount of acid used the 
piT cent, ()f nitrogen is obtained; and from it the p<‘r cent, of caw'in and 
albumen in the milk bv multiplying by 6.25. The amount of nitrogen con- 
tomed in the chemicals xiHvd is determined bv blank experiments and de- 
duc^ frjim the mtrogim obtaim*d as dc'scriWl. (Farrington and Woll, 
T<*8ting Milk and Its Pnxiucta, p. 221.) 


82. Cohririif-motUr ami Preservaltrc,<i.—\]\ certificHt 
shall he free from adult<*ration, and coloring-matter and 
not be added thereto. 


milks and creams 
preservatives shall 


d'-b-ction of addcyl coloring-matter shall be applied 
whenever the color of the milk or cream is such as to arouse suspicion. 

The presence of foreign coloring-matter in 
milk IS easily shown by shaking 10 c.c. of the milk with an equal quantity 
of Uher, on standing, a clear ether solution will rise to the surface; if artificial 

t*'® solution will be yellow col- 
*in •'be eolor indicating the quantity added; natural fresh 

Farri.:y"m''rd 

he of formaldehyd, borax, and boric acid shall 

?"''® “'o"*-h. Occasionally application of testa for the 

of salicylic acid, benzoic acid, and the benzoates is also recom- 


.r ''^^fetion of Formaldehyd .—Five cubic centimeters of milk is 
uoi’ " "hite porcelain dish, and a similar quantity of water added; 
vnrv’ ilnLh. FoiCU, is added, and the mixture is heated 

h^JniT ^ \i }! ** a violet color will be formed. (Test- 

^ j Products, Farrington and Woll, p. 249.) 

V (Borax, Borates, PresereaHne, etc .).—One hundred 

Md alkaline with a soda or potash solution, 

^ v^I^taled to dryness and incinerated. The ash is dissolved in 
water, to which a little hydrochloric acid has been added, and the solution 
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mper moistened with the filtrate will be col¬ 
ored radish brown when dried at 100“ C. on a watch-glass, if boric acid ii 
present. 

If a little alcohol is poured over the ash to which concentrated sulphuric 
acid has ^n added, and fire is set to the alcohol, after a little while th« ^11 
burn with a yeUowish-green tint. especiaUy noticeable if ih<- ash is stirred 
with a glass r^ and when the flame is about to go out, (Testing Milk and 
Its Products, larrington and Woll, p. 247.) * ' * “ 

Tent for S<dicylK AM {Salu:ylaU>, efc-.).—Twenty mibic centimeters of 
milk are acidulated with sulphuric acid and shaken with ether’ the ether 
solution Ls eyaporatid, and the residue treaUd with alcohol and a little iron- 
chlorid solution; a deep violet eolor will be obtainid in the pri'si'iice of salicylie 
acid. (Testing Milk and Its Products, Farrington and W oil, p. 24H.) 

JVs/ for Benzoic Acid.—Tvm hiindnd and fifty to five hundrid cubic 
centimeti'rs of milk are made alkaline with a few drojw of lime or baryta 
water, and then evaiairated to about a quarter of the bulk. Powdered 
gypsum is stirred into the remaining liquid until a iiastc is formed, which is 
then driid on the water-bath. The gyiwuin only serves to hasten thc‘ drying, 
and piiwdered pumice stone or sand eaii be used equally well. W hen the 
mass is dry, it is finely powderid and moistened with dilute sulphuric acid 
and shaken out thna- or four times with alxiut twice the volume of ,'>0 per 
cent, alcohol, in which benzoic acid is i-asilv soluble in the cold, the fat only 
being diRsolved to a very slight extent or not at all. The acid alcoholic liquid 
from the various i*xtraetions, which contains milk-sugar and inorganic salts 
in addition to the Iwiizoie acid, is neutralizixi with baryta water and evaixir- 
abd to a small bulk. Dilute sulphuric acid is again addeil, ami the liquid 
shaken out with small quantities of ether. On evaporation of the ether, the 
benzoic acid is lc>ft Is'hind in almost |>iire state, the only impurities la-iiig 
small quantities of fat or ash. 

The benzoic acid which is obtaiiad is dissolved in a small quantity of 
wann water, a drop of sodium aeetab' and neutral ferric chlorid added, and 
the nd precipitate of benzoate of iron indicates the |iresence of tiic acid. 
(Milk and Dairy Pidducts, Barthel; translatisl by (iiKidwin, p. 121). 


S,!. DrhiHoti of llealect Milk. —C'i'rtificd milk or ereani shall not lx" sub¬ 
jected to heat unless siM-cially direebxl by the commission to nii-et cnK-rgcncies. 

S6. Tests to determine whither sueli milks and ereaiiis have Ixen sub¬ 
jected to heat shall he applied at least once each month. 

Detection of Heated Milk — Btorrh'e Method. —Five cubic centimeters of 
milk are poured into a testdube; a dniii of weak solution of hydrogem dioxid 
(about 0.2 percent.) which contains about 0,1 pi’reent, sulphuric' acid, is added, 
and 2 drops of a 2 per cent, solution of paraiihenylendiamin (solution should 
be renewed quite often), then (he fluid is shaken. If the milk or the cream 
becomes at once indigo blue, or the whey violet or riddish brown, then this 
has not been heabd or, at all events, it has not bi-en heabsl liighiT than 
78“ C. (172..')“ F.); if the milk becomes a light bluish gray imme<liat<-ly or 
in the course of half a minute, then it has been heatid to 70“ to 80“ C’. (174.2“ 
to 176“ F.). If the color remains white, the milk has tiei-n heabd at least to 
80“ C. (176“ F.). In the examination of sour milk or sfiur buttemiilk, lime- 
water must be added, as the color reaction is not shown in acid solution. 

Amold’ii Guaiac Method.—\ little milk is poured into a teat-tubi> and a 
little tincture of guaiac is added, drop by drop. If the milk has not been 
heated to 80“ C. (176“ F.) a blue zone is formed between the two fluids; heabsl 
milk gives no reaction, but remains white. The guaiac tincture should not 
be usH perfectly fresh, but should have stood a few days and its potency 
have been determined. Thereafter it can be used indefinitely. These tests 
for heated milk are only active in the ease of milks which have been heated 
to 176“ F. or 80“ C. (Jensen's Milk Hygiene, Pearson’s translation, p. 192.) 

Microteopk Tent for Healed (Pastmrized) Milk—Front and Ranenel .— 
About 15 c.c. of milk are centrifuged for five minutes, or long enough to throw 
down the leukocytes. The cream layer is then completely removed with 
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ub»orb. nt ootfem and tho milk drawn off with a pipet, at a fine-pointed tube 
attui lii«l to a Chaimian air pump. Only about 2 mm. of milk are left above 
the .Hcdiment winch is in the bottom of the .sedimentation tube. 

The stain, which is an aqueous solution of safranin 0, soluble in water 
is then added very slowly from an opsonizing pipet. The important thing ig 
to mix stum and milk so slowly that clotting does not take place. The stain 
is added until a deep onaque rose color is obtained. After standing three 
niiniites, by means of the o|)sonizing pipet, which has been washed out in 
hot water, the stained sediment is then transferred to slides. A small drop 
is plaeid at the end of each of several slides and spread by means of a gl^ 
spreader, as in Wright's method for opsonic index determinations. 

In an iinheated milk the polynionihonuclear leukocytes have their pro¬ 
toplasm slightly tingid or are un.stained. 

In lie.ated milk the polvmorphonuelear leukocytes have their nuclei 
staimd In milk heated to (i;!® C. or above, practically all of the leukocyt<» 
have their mielei definitely staimd. When milk is heated at a lower tem¬ 
perature the mielei are not all staimd above CO" C. The majority, however 
are staimsl. ’ 

K7. Sperifir bVmdi/.—The siieeific gravity of certified milk shall range 
from 1.02!) to 1.(KM. “ 

AS. The .s|M'cific gravity shall be detennined at least each month. 

bhe (^ftevenne laetod(‘nsiim*t<r is reeoinmendid for the determination 
of the speeifie gravity. It is made like an ordiiiarv aerometi'r and divided 
into degrees wliieti eorn'spond te a spee'ifie gravity from 1.014 to 1.040, or 
only I.Oii t^> I.0.IS, Hince by tho latt,(T divisuni a gr<‘iit(T spaco is eaiiioti 
betwoen Ui<‘ different d(‘Kr<‘cs without undulv lonKthcning the instrument 
i^rorn such a hictodeiisinieter on(‘ cm (‘asilv read off four dc'eiinul plaec-s 

I lie milk th(‘ specific gravity of which is Ut he determiiu^d is wc‘11 shaken 
and poim‘d mti* n high glass eylindcT of suitable diaiTX'tor; the aerometer is 
droiincf m slowly, m (mlcr to pri-vent its bobbing up and down. (The bulb 
shoiiU he friH* froin adh<‘ring air bubbhs ) The figures on the stem are the 
H(‘eond and thir<l decimals of the numb(‘rs of the .speeifie gravity, so that 'A4 
1? f'xaminution, tlie tcaiijxTature of the milk must 

lo t.. (fi(r F.); if it IS not, the speeifie gmvitv of the milk at 1.5® C. niu.st 
tH' eaeulateii fnan th<‘ siavifie gravity found and from th(‘ temperature, for 
m milk inspection and analy.sis this is the standard. 


Methods akd Reovutions for the MEiiir.M, K.x.aminatton of Employees 
Tiieik Health and Personal Haoiene ’ 

^ phA-siei.an, shall be 

W trl ^ a phvsieian m good standing and niithorized by 

iwt 1. te '^,^*'«T<'nRible to the eommission and snb- 

J^min I .’k ♦f'*’ control of the 

dmtemiPA f r r"‘ d'f'‘"'nt loealitii-s, a separate physician should 

^ employment for the supervision of eaeh dairy, 

an shall come on the premi-ses to live and remain as 

milk A «11 1 • **^n''*' V"* engaged in milking or the handling of 

n %*'‘''J 0 eted to a complete physical examination by the attending 
k ” l>erson shall be employed who has not hwn vaccinated re- 
fednff •’xamination is found to hat'c a sore throat, or to be suf- 

-k... ,'"’"1 any form of tnhereuloais, venereal disease, eonjunetivitis, diar- 
**** teemtly had typhoid fever or is prov^ to be a 
^noia earner. or«-ho has any inflammatorv disease of the re^iratorv tract, 
or any suppurative process or infeetions skin eniption, or any disease of an 
intoetious or contagious nature, or who has recently been assoaated with ehil- 
Wfn SICK with f^ntagiouR dbeane. 

91, In addition to ordinary habits of personal cleanliness all milkers shall 
nave well-tnmmed ham, wear close-fitting cape, and have clean-^ven faces. 
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92. the milkere live upon the premist* their dormitoriee shall be 

^nstruc^ s^d oiierated according to ptns approved by th^wSiS on 
A shall ^provided for eaci, mUker and each lied sSTTl^pt 

supplied with clean bjdclothes. Proper bathing facilili,* shall bTpmvS 
for all employee on the dairy prem£.«, pn-ferably a shower-bath, S f«- 
quent bathing shall be enjouw^. ’ 

1 . 11 ^ ^ employe live on the dairy iiiemises a suitable buildina 

shall prov-ided to be used for the isolation and quarantine of iieraons under 
suspicion of imvmg a contagious disease. * 


The following plan of (-onstruetion is reeomniendid; 

• i d““*'’‘"tine building and hospital should !«■ one aforv high and con¬ 
tain at least two rooms, each with a eajiacity of alxiut MXX) cubic feet and 
containing not more than thn^' txnis each, the rcKinis to lx* .si‘parat 4 'd bv a 
clostd partition. The doors oiwning into the riKiins should Im' on opiHisile 
sidi-s of the buUdmg and provided «ith locks. The windows should be 
barred and the sash should be at least .'> fi'et from the gnaind and eomstnieU’d 
for proi^r ventilation, liii' walls should be of a material which will allow 
promir disinfec tion. The flmir should la- of painted or washable wtsid, pref¬ 
erably of concrete, and so constructid that the flcsir mnv Im‘ Hu.shed and 
proiK'riy disinfected. Proper heating, lighting, and ventilating facilities 
should be provided. 


94. In the event of any illness of a suspicious nature the attending 
physician shall imimdiately quarantine the Biisr>ia-t, notify the heallli author¬ 
ities and the secretary of the commission, and examine each inemlxr of the 
dairy force, and ill every inflammatory affia tion of the nosi' or throat wcur- 
ring among the employis's of the dairy, in addition to carr.ving out the alsivi'- 
nientionid program, the attending phvaician shall take a culture and have 
It (‘imminid at once by a coinpi'tent bacteriologist approvid bv the (ami- 
mission. IVnding such examination, the afftaded tanployaa* or cinployaa’s 
shall be (luarantiiKd. 

90. It shall be the duty of the siaTctary, on rca'civing notice of any sus- 
nicioiis or contagious disease at the dairy, at onra- to notify the (aimihittie 
haying in charge’ the iinalical siipenision of (anplo.via's of the dairy farm upon 
which such disease h,a,s dev( lopial On nacipt of the notice this (aimmittia' 
shaU assume charge of the matter, and shall have power to act for the (ami- 
niission as its jmlgment dictate’s. As soeui as [sissibh’ the’re’iifte’r, the com- 
niittee shall notify the (emiiniasion, through its se’cn tary, that a sis-cial meet¬ 
ing may be’ called for ultimate conside’riition and ae’tion. 

96. When a case of contagious disease’ is found among the employees of a 
dairy producing certifie’d milk iineh’r the’ contnil of a medical milk commis¬ 
sion, such employee shall be at once quarantined and as soon as {sissiblc 
removed from the plant, and the’ premises fumigated. 

When a case of contagion is found on a certified! dairy it is advised that 
a printed notice of the facta shall be sent to everv hoiise’holde’r using the milk, 
gitdng in detail the precautions taken by the dairyman under the direction 
of the commission, and it is further advised that all milk pnsluccel at such 
dairy shall be heated at 14.')“ F. for forty minutes, or l.').^° F. for thirty min¬ 
utes, or 167® F. for twenty minutesi, and immediately cesihd to .W F. These 
facts should also be part of the notice, and such heating of the milk should be 
continued during the aceeqited period of incubation for such contagioug dis- 


The following method of fumigation is recommended; 

After all windows and doors are closed and the cracks sealed by strips 
of paper applied with flour paste, and the various articles in the room so 
hung or placed as to be exposed on all aides, preparations should be made to 
generate formaldehyd gas by the use of 20 ounces of formaldehyd and 10 
ounces of permanganate of potash for every 1000 cubic feet of space to be 
disinfected. 

For mixing the formaldehyd and potassium permanganate a large gal- 
VMuaed-iron pail or cylinder holding at least 20 quarts and having a flared 
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top »hould be used for mixing therein 20 ounces of formaldehyd and 10 ounces 
of permanganate. A cylinder at least 5 feet high is suggested. The contain- 
ers^ould be placed about in the rooms and the necessary quantity of pet^ 
manganate weighed and placed in them. The formaldehyd solution for each 
pail should then be measured into a wide-mouthed cup and placed by the pail 
in whicli il is to be usixl. . ,, . , ■ 

Although the reaction takes place quickly, by making preparations as 
advised all of the pails can be “set off” promptly by one person, since there is 
nothing to do but pour the formaldehyd solution over the permanganate. 
The rooms should be kept closed for four hours. As there is a slight danger 
of fire, the reaction should b<‘ watched through a window or the pails placed 
on a non-inflanmiable siirfiu'c. 

97. Following a weekly medical inspection of the employees, a monthly 
report shall be submitted to the secretary of the medical milk commission, 
on the same recurring date by the examining visiting physician. 

The following schedule, filled out in writing and signed by himself, is 
recoininendid as a suitable form for the attending physician’s report: 

This is to certify that, on the dates below indicated, official visits' were 
made to the-dairy, owned and conducted by-of-(indi¬ 

cating town and State), where careful inspi'Ctions of the dairy employees 
were made. 

(a) Number and dati-s of visits since last report. -. 

(b) Numls'r of men employid on the plant. ———. 

(c) Has a recent epidemic of contagion iwcumd near the dairy, and what 

was its nature and exP'iit? -. 

(d) Have any eases of contagious or infectious disease occurred among 

the men since the last report? -. 

(c) Disposition of such case's.-. 

(/) What individual sickness has occurred among the men since the last 
reiwirt?-. 

(o) PisiHisition of such cases.-. 

(ft) Numbi'r of employi'C's now quarantined for sickness. -. 

(t) Descrilie the isTsonal hygiene of the men employed for milking when. 
pri'iiared for and during the process of milking. -. 

(j) What facilities are provided for sickness in employees? -. 

(k) General hygienic condition of the dormitories or houses of the em¬ 

ployees. -. 

(/) Suggestions for improvement. -. 

(m) What is the hygienic condition of the employees and their sur- 
toundings? -. 

(ft) How many employees were examined at each of the foregoing 
visits? -. 

(o) Keniarks. 

Attending Physician, 

Date,-. 
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PASTEURIZATION OF MILK AND OTHER METHODS 
OF REDUCING THE GERM CONTENT 

The problem of conserving perishable foods has engaged the 
attention of man from tlie remotest period of his existence to the 
present day. The real cause of food decomposition or food 
“spoiling” was not underst<K)d lx»fore the era of bacteriology, the 
science which taught that minute organisms were nearly omni¬ 
present, and that through their activity fo(xl was nuidered value¬ 
less for man. However, several efficient methods of LkkI conser¬ 
vation were evolved even among savage tril)es. The prrxluction 
of butter, cheese, and fennented milks was the natural conse¬ 
quence of such attempts, ('orrservation has also Ix-en effected 
by the application of heat and cold; by desiccation; by the use of 
harmless pn'sen'atives, such as sugar and acid, arid by the use 
of chemical preservatives. Heat, with its destnictivc, and (M)ld, 
with its restraining, effect upon micro-orgaiiLsms are probably 
the most successful and most commonly applied assets of fimd 
(xmservation. Both are extensively applierl to the preservation 
of milk. 

When it was discovered that micro-organisms causer! milk 
"spoiling,” it seemed feasiible to apply heat to prolong the peri<Kl 
during which milk could be kept sweet. Soxhief in 1861) had 
special Ixjttles made which were- filletl with milk, then closed 
tightly, and immersed in boiling water. The milk was exposed 
for a short time to a temperature near the lK)iling-point of water. 
Soxhlet erroneously thought that milk treated in this manner was 
sterilized. However, good results were obtained by feeding this 
milk to babies, and in 1889 Jacobi first recomrnenderl the Soxhlet 
method for the preparation of milk in this country. 

Milk heated to the temperature of iKiiling water undergoes 
profound physical and chemical changes. Taste and appearance 
are altered, and in a measure the nut ritive value is affected. These 
alterations have been dealt with previously (see page 131). In 
order to avoid these changes a methcxl similar to the one first used 
by Pasteur for the preservation of Ireer and wine has been devised 
for milk and has found considerable favor. “Pasteurization” was 
originally designed for preservation of milk, but the term has been 
used rather loosely. At the present time the advantage of pre¬ 
serving milk has been more or less lost sight of in view of the 
success attained by efficient pasteurization in destroying disease 

sn 
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germs in milk. This must be considered the ultimate object of 
modem methods of pasteurization. 

The thermal death-pcjint of those pathogenic organisms which 
have l)een known to infect milk-supplies serves as a basis for cal¬ 
culating piisteurization temperatures. These bacteria are the 
bacilli of tuberculosis, typhoid fever, dysentery, diphtheria, 
Malta fever, the spirillum of Asiatic cholera, and the unknown 
organisms of scarlet fever and f(X)t-and-mouth diseiise. Except 
Hacillus tulrerculosis, all these micro-organisms are destroyed by 
exposure to (»()° C. for ten minutes. In fact, the great majority 
of cells are killed l)efore (i0° is actually reached. 

The thermal <leath-|)oint of the tubercle bacillus has led to 
contradictory results. According to some reports the bacilli were 
not killed by one or even two bt^ilings, while others indicated 
that they were destroyed at much lower temi)eratures. Some 
conclusions were based on applying the specific stain for tubercle 
bacilli to the milk after heating. This method may lead to er¬ 
roneous results, since staining does not distinguish tubercle from 
acid-proof bacilli commonly found in milk, and does not distin¬ 
guish between living and dead bacilli. The criterion adopted 
by later investigators is the production of tulx-rculous lesions in 
guinea-pigs. Even this method, as pointed out by Rosenau, 
leads to reliable results only if doubtful lesions are transferred to 
another guinea-pig, since dead tubercle bacilli sometimes form 
lesions closely resembling those produced by living bacilli. Theo¬ 
bald Smith has called attention to another source of error. When 
milk is heated a membrane forms on the surface, which in con¬ 
tact with the air cools rapidly and protects bacteria from destruc¬ 
tion. Smith found that when this source of error is eliminated 
tuliercle bacilli arc destroyed by twenty minutes’ exposure to 
t)0° if infection of guinea-pigs is taken as the index. His 
work has tx^en confirmed by Russell and Hastings, Rosenau, and 
others. Tulxsrcle bacilli are evidently somewhat more resistant 
to heat than other non-sporing bacilli, and for that reason their 
thermal death-point should Ix^ taken as a basis for milk pasteuriza¬ 
tion. As a general rule it may l)e stated that the higher the tem¬ 
perature, the shorter the time necessary for destruction of bacteria. 

The effect of pasteurization on mold spores in milk has lieen 
investigated by 'Hiom and Ayers, who state that in milk heated 
to 145° F. (62.8° C.) for thirty minutes the conidia of everj' species 
investigated were killed except those of AspergiUus repens, A. 
flavus, and A. fumigatus. The molds which survived are rarely 
found in milk. In milk heated to 165° F. (73.9° C.) for thirty 
seconds the spores of all molds tested were destroyed, except many 
spores of one form and occasional spores of three forms. In 
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milk heated to 175° F. (79.5° C.) only occasional spores of two 
forms developed. 

It is a common practice to pass the milk through a clarifier 
before pasteurization. The object is to remove odors and insol¬ 
uble foreign substances. From one point of view this is an ad- 
vant^e, but it also serves to conceal dirty milk, since the dirt 
is left in the clarifier slime. As pointed out in a previous chapter, 
the colony count of clarified milk is u.sually greater than that of 



Fig. 199.—Belt drive DeLaval all-disk clarifier. 


the unclarified milk, and the bacterial content of clarified milk 
may be very high, even though the insoluble dirt is removed. 

The clarifier is similar to the cream separator, inasmuch as it 
is operated by centrifugal force. The cream, however, is not 
separated, and only particles heavier than milk are thrown out. 
A type of clarifier is ^own in Fig. 199. 

At present there are three distinct systems of milk pasteuriza¬ 
tion in vogue; 1, the flash process; 2, the holding process, and 3, 
pasteurization in the final jMckage. 

1. In the flash or continuous process of pasteurization milk 


33 
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is heated to a relatively hifth temperature for a short period. 
This method is practised in Denmark, where milk is heated to 
85° C. for about half a minute. At this temperature there is a 
great reduction in the number of bacteria. The system has been 
successful in Denmark, especially as an aid in controlling bovine 
tuberculosis. Skimmed milk from creameries and whey from 
cheese factories are pasteurized by this method, and Bang states 
that a temperature of 85° C. always destroys tubercle bacilli. 

In some types of pasteurizers the milk is either forced up or 
flows by gravity over or tetween heated surfaces. These types 
are illustrated in Figs. 200-206. 



Fig. 200.—A simple pasteurizer through which milk flows by gravity. 
(S. H. Ayers in Circular 184, Bureau of Animal Industry, U. 8. Dept, of 
Agriculture.) 

The tubular type of continuous pasteurizers consists of a 
series of pipes through which the milk flows. These pipes are 
contained in larger pipes filled with hot water. This type is 
shown in Fig. 204. The same system is used for cooling the milk 
when the larger pipes contain the cooling mixture. 

Regenerative pasteurizers are those in which the water is 
preheated, by being used for cooling the hot milk. This prin¬ 
ciple is designed to save heat units (Rgs. 205 and 206). 

Harding and Rogers, after studying at different temperatures 
the eflSoiency of a continuous pasteurizer of the Danish type. 



HHJIBODS or BXDnCING THS QERli CONTENT S15 

came to the foUowing conclusions: “At 70“ C. (158“ F.) the effi¬ 
ciency of the continuous pasteuriser varies greatly from day to 
day. T^ts upon fourteen different daj's gave an average of 15,288 
living germs per cubic centimeter left in the pasteurised milk, 
with a maximum of 62,790 and a minimum of 120 germs. At 
80“ C. (176“ F.) the reduction in germ content is both very uni¬ 
form and very great. Tests upon twenty-five different days gave 
an average of only 177 living germs per cubic centimeter in the 



Fig. 201.—Conical type of simple pasteuriser. (S. H. Ayers in Circular 184, 
Bureau of Animal Industry, U. 8. Dept, of Agriculture.) 

pasteurized milk, with a maximum of 297 and a minimum of 20 
germs. At 85“ C. (185“ F.) the average reduction is not more 
marked than at 80“ C., but the range of variation is leas. This 
temperature has the added advantage, according to Dr. Bang, of 
removing the danger from germs of tuberculosis in the milk. 
Even when the whole milk was heated to 85“ C. the butter did not 
have a permanent cooked flavor.” 

It has been found that heating milk to 85“ C. has serious dis¬ 
advantages, the most important of which is the reduction of the 












cream column and partial obliteration of the cream line. This is 
inown to be due to the breaking up of clumps of fat globules 


M/U(OUn£T 
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Fig. Another simple pasteurizer, showing cover removeH css 
"itukT ^ of Animal Industry, U. " S-pt^A^t 







Fig. 203.-Skidd’a 


^itive p^uristog gj-stem, showing cover removed from 
beatrr and doorfl removed from holder. 


with the result that they do not rise as readily and as completely 
as m raw milk. Milk dealers found this disadvantageous, sint* 






Fig. 205.—Willmaon regenerative paateuriMr. 
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customers believed the milk had been skimmed. It is natural, 
therefore, that the temperature for flash pasteurization was 
gradually reduced, until at present the average temperature prac¬ 
tised in this country is 71.1° C. (160° F.). This temperature 
cannot be depended upon to destroy all pathogenic bacteria, al¬ 
though it results in a material reduction of bacteria. There are, 
then, two objections to flash pasteurization at 160° F.: 1, apparent 
reduction of the quantity of cream, and 2, imcertainty as to the 
destruction of pathogenic bacteria. 



Fig, 206.—A regenerative pastcuriiier for use with holding tank. (S. H. Ayers 
m Ctroular 184, Bureau of Animal Industry, U. S. Dept, of Agriculture.) 

2. The holding process overcomes these diflSculties in large 
measure. The holding or held process, as originally designed, 
means that the milk is heated to 60° C. (140° F.), held at this 
t^perature for twenty minutes, and finally cooleci. The cream 
line is not appreciably affected, and the temperature and period 
of exposure are suflScient to destroy pathogenic bacteria. 

In laboratory experiments the holding process has proved to 
be efficient when the milk is heated to 140° F. for twenty minutes, 




















METHODS OF REDUCING THE GERM CONTENT 


519 


but under commercial conditions there are some difficulties which 
have to be taken into account. When laiye quantities pf milk 
are handled the temperature is not always consistent throughout 
the tank, running lower in some parts and higher than is desired 
in others. Even on the assumption that all parts of the milk 
have at some time reached the desired temperature, there may be 
some parts which have not been held at the right temperature for 
the right length of time. Shorer and Rosenau have investigated 
temperature conditions in connection with a lar)^ pasteurizer in 
Boston, and have concluded that in order to have a margin of 
safety the temperature should l)e 145° F. (62.8° C.), and that 
the milk should be held at this temperature for thirty minutes. 

A second difficulty in operating a holding pa.steurizer is the 
fonnation of foam on the milk. A stirring devu* is usually in- 
stalletl in the holding tank to insure reasonable distribution of 
heat, and consequently more or less foam will form according to 
the kind and intensity of the stirring. This foam loses some of 
the heat, and therefore has a protective influence on bacteria, 
similar to that of the membrane which forms on heated milk. It 
is desirable, therefore, to have a stirring device which moves the 
mass of milk quietly, with as little foam formation as possible. 

ThcR' are chiefly t wo kinds of pasteurizing machines in which 
the milk is held for a definite jM-riod at relatively low Icmpera- 
tures. The one type is the absolute holder, the other the con¬ 
tinuous flow system. The dilfercncc t)etwe<'n the two lies in the 
fact that in the absolute type the milk is held in an insulated tank 
after the proper temp(!rature has l)een attained, while in the con¬ 
tinuous-flow type! the milk flows through the system. After hav¬ 
ing Ijeen heated milk enters the pasteurizer luul flows at a rate 
which insures its l)eing held at the proper temperature for the 
requisite length of time. 

In the absolute-holder type there is an arrangement by which 
the milk is automatically discharged into the ctwling system after 
the period of pasteurization has elapsetl. The tanks must be 
insulated and the milk gently agitated in order that all parts of 
it may be held at the right temperature for the right length of 
time. Leaky valves which admit or discharge the milk tex) early 
defeat the purpose of pasteurization. The stirring device should 
excite as little foam as possible. 

Another type of holder consists of a tank in which there is a 
coil of pipe (Figs. 207, 208>. This coil contains the hot water or 
steam and revolves, with the result that the milk is kept in mo¬ 
tion. Usually several tanks are used in a single plant in order 
that there may be a continuous flow of heated milk throu^ the 
cooling system. 
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Af'oording to Kilbourne, pasteurization can be carried on in 
tlio vacuum pans which are used for condensing milk. These 
pans iiave a coil at the bottom through which Jive steam is passed 
for the condensation of milk. For pasteurization, water of suit- 



Fig. 207. A large capacity Reid positive paBteurirer with wood body. 

able teiniwrature should be used in place of live steam. After 
the milk has reached the proper temperature it can be held for a 
suitable length of time in these pans. 

continuous holder, also known as a retarder 
t*ig. 209), consists of a series of tanks, one lower than the pre- 



I'lg. au brazed coO. ^e braces are wrapped weU around 

the coU tubing and are pinned fast to the center shaft. 

TO one, which allows the mUk to flow slowly through the 
sys^. Another sort consists of large tubes which are made 
continuous by being connected at both ends. The heated milk 
discharged through a pipe which con¬ 
nects with the lowest tube, and rises above the highest one. By 



Fi* 210—Continuou* hoWfT p*iit«iriMTj3»vi» Milk Machineiy Comp«ny, 

Chir«eo> *D- 
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this means the milk cannot leave the machine without havmg 
passed through the entire system (Fig. 210). 

Several tank types of holding machinery are manufactured. 
The tank may be divided into a series of compartments (Fig. 211) 
in order that the milk may flow freely from one compartment to 
the next. 

As has l>een stated earlier, experience has taught that the 
more frequently milk is handled, the greater is the probability 
of bacterial contamination. This applies to milk after pasteuriza¬ 
tion quite as well as to the production of raw milk. After milk 
has been pasteurized by either process it is collected in a large 
tank and then piped to a bottling machine. This exposes it to 



Fig. 211.—^Tank retarder with compartments. (S. H. Ayers in Circular 184, 
Bureau of Animal Industry, U. S. Dept, of Agriculture.) 

contamination in the pipes, the Imttling machine, and the bottles. 
In well-managed plants the chances of reinfection are greatly 
reduced by the use of suitable machinery and efficient super¬ 
vision of the same. To avoid this menace of reinfection an¬ 
other process has been proposed and is carried out in some 
dairies in this country. This process is pasteurization in the final 
package. 

3. Pasteurization in the final package means that the milk is 
bottled and then pasteurized. The bottles are immersed in water 
whidi is gradually warmed to the desired temperature. After 
the milk has reached the proper temperature it is held for thirty 
minutes and then cooled. The cooling may be effected by chill¬ 
ing the surrounding water, or the bottles may be sprayed first 
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with hot and then with cold water. By another protjess water of 
increasing temperature is sprayed on the bottles. The feasability 
of pasteurizing in bottles has been demonstrated by brewers, who 
have applied a similar process to beer for years. The writer 
called attention to the possibility of applying the principles of 
beer pasteurization to milk in 1908. Two types of Iwttle pas¬ 
teurizers are shown in Figs. 212-214. 

There are three objections to pasteurization in the final pack¬ 
age, but these can l)e overcome in time. The first objection arises 
from the fact that odors are n'tained in the milk thus pasteurized. 
Since most milk contains an apprt>cinblc amount of manurial 



J 


Fig 212.—The Barry-Wctmiillcr national milk paatcnriacr. 

pollution which imparts a “cowy" odor, the glial's pnxiucing this 
odor have no outlet for escaiie if sealed in Ixittles. Milk pasteur¬ 
ized by the flash or holding process is freed from disagreeable 
odors, as they can escape during the operation. For jiasteuriza- 
tion in the final package, therefore, a relatively clean milk must lx* 
available. The second objection, one that can also lx* overcome, 
comes from the necessity of discarding the present costly ma- 
chineiy and replacing it with new and equally expensive machin¬ 
ery. Finally, air- and water-tight caps are considerably more 
expensive than pulp caps, and unless air-tight caps are used there 
is danger that the water u.sed for cooling the bottles may leak 
throu^ the caps, and as this water is not guaranteed to be germ- 



524 


MILK 


proof, contamination of the milk may follow. By a new device 
the tops of bottles may be protected from the water so that the 
ordinary pulp caps can be used. 

Ayers and Johnson have devised a method combining the 
holder process with that of pasteurization in the final package. 
After the milk is pasteurized by the holding process it is filled 



Fig. 21.3.—Cauffman’s pasteurizer projierly installed. 


into hot steametl bottles and then cooled by a cold-air blast. The 
use of hot steamed bottles prevents contamination of the millr 
from the bottles. 

These authors have estimated the efficiency of the process of 
bottling hot milk pasteurized in bulk as compared with that of 
pasteurizing milk in bottles. When pasteurizing milk in bottles 
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it is necessary, in addition to providing water-tight caps on per¬ 
fect bottles, to allow for the expansion of heated milk. The 
authors found the amount of expansion to be about 0.62 ounce 
for 1 quart of milk. Therefore bottles for this purptise should 
be made somewhat larger than modern bottles, jx^rraitting the 
air space to care for the increased volume during heating. 

It was also found that the temi)erature in a bottle was not 
uniform. When the temperature at the fop was 145° F., it took 
ten and four-fifths minutes longer for the temperatuie at. the 



Fig. 214.— Front view of 4S-fa«e (.Wftxiuart) Caiiffman pasteiiriaT 


bottom to reach 140° F. Therefore, a peruKl of exix)sure should 
be calculated from the time the temijorature at the bottom of 
the bottles reaches the desired degree. 

In a series of 34 tests made by Ayers and Johnson the Imc- 
terial efficiency of milk pasteurized in laUtlcs averagtsi 90.86 per 
cent., varying from 17.07 to 90.98 per cent. 

Comparing the bacterial efficiency of pasteurizing in bulk and 
filling in hot steamed tx)ttle.s with that of pasteurizing in lx)ttle8, 
the authors obtained the following average results: 



COMPAkiSON OF BACTERUL^^^^ P^MTION IN BCmUS AND BOT- 


JUv mtik. 

Milk pMtcuriifd ftt 145” P. for thirty mi&utea. 

Bot pMteurised milk m bat J 

steamed bottles. j 

MUk peeteurised in bottlea 

1 _ 


Bacteria per 

Peroentage 

Bacteria per 

Percentage 

cubic oeotimeUir. 

caibio ooitimeter. 

reductioQ. 

cubic centimetw. 

reduct on. 

2.115.298 

3467 

^ 96.50 

1 

9.083 

8S.34> 

871.766 1 

1 

5965 

1 g? 46 

11,296 

95.46* 


Tlie authors claim for the process of bottling hot, pasteurized 
milk that the cream line is not affected to a greater extent tlian by 
ordinary methods of pasteurization. 

The apparatus for the process designed by Ayers and Johnson 
is shown in Fig 215. 

The same authors state that it is a mistake to judge bacterial 
efficiency of pasteurization by percentages. A standard should 
be adopted as has been done in judging the efficiency of water 
purification plants Pasteurization of milk with low bacterial 
content will naturally show a snoaller percentage of efficiency than 
pasteurization of milk with large numbers of bacteria. The pas¬ 
teurized product of the former will still contain fewer bacteria 
than the product of the latter. Therefore it is difficult to estab¬ 
lish fair standards at present. The commission on standards of 
the New York Milk Committee has considered 60,000 bacteria 
for milk and 100,000 for cream a fair standard. In a measure 
such standards involve the same difficulty as do standards for 
raw milk, since they do not show whether the pasteurizer or sub¬ 
sequent handling are at fault.* 

Hammer and Hauser made a series of experiments with pas¬ 
teurization in the final package by immersing the filled bottles 
in water of a temperature ranging from 140° to 170° F. The 
beet results were obtained by immersion at 145° F. for fifty min¬ 
utes. Milk pasteurized by this method soured much as does raw 
milk of good quality. The cream line suffered slightly, in some 
instances more than in others, but on the average not sufficiently 
to be objectionable. A heated flavor developed, but this also 
was so slight as to pass unnoticed by the majority of consumers. 

‘Bottles were washed clean in hot water before they were filled with 
raw milk. 

. '"Attlee were steamed two minutes and cooled before they were filled 
with raw milk. ^ 

principal kinds of pasteurization apparatus, cooling devices, and 
bptUing machines are described by Ayers in Circular ISAUnited States 
Dept, of Agti., B. A. I., 1912. 
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Undesirable flavors were never decreased, and in some instances 
intensified, but the reduction in the numbers of bacteria was 
satisfactory. The average percentage of reduction was 99.56 and 
was always above 99. 

In a later paper Hammer and Hauser draw attention to the 
fact that in pasteurizing milk in bottles the heating may not l)e 
uniform. As a result the bacterial content and the creaming abil¬ 
ity of the milk in different bottles when pasteurized by this process 
may vary widely. This was found to be true when a certain type 



of pasteurizer was used, while in another type the differences were 
sli(^t, although, as a rule, the bottles from the top tier of cases 
had the lowest and the bottles from the bottom tier the highest 
bacteria] counts. The authors noted a distinct, though not 
precise, relation between the bacterial count and the creaming 
ability. The more the creaming ability suffered, the smaller was 
the bacterial content. The test for creaming ability, according 
to Hammer and Hauser, “affords a simpler and quicker method of 
detecting the uniformity or lack of uniformity in heating with the 
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final package method than does the determination of the bacterial 
counts.” 

Pasteurization in Iwttles has then two advantages: 1, It min¬ 
imizes the danger of reinfection after pasteurization; and 2, loss of 
milk caused by evaporation and by adhesion to machinery is 
avoided. Its di.sadvantnges are the possible breakage due to im¬ 
mersion of hot Ixittles in cold water and the expense of water¬ 
tight caps. The last disadvantage does not obtain in Ayers and 
Johnson’s modification. 

It is usually stated that after pasteurization milk should be 
cooled rapidly, l)ecause it is thought that there is considerable 
bacterial multiplication during the period of ccxiling and that 
rapifl cooling aids in the destruction of bacteria. Ayers and 
Johnson have shown that there is no greater increase in the num- 
ter of bacteria if the proce.ss of ccxiling occupies as much as five 
hours than if it is done in a .shorter time. They explain this on 
the basis of the influence of pasteurization temperature on bac¬ 
teria. Those which survive are temporarily weakened and re¬ 
quire .sonie time to recover their natural vitality, but rapid cool¬ 
ing docs not increase the de.structive effect of pasteurization. 

The most iinix)rtant advantage of p:isteurization lies in the 
destruction of pathogenic bacteria. In order to accomplish this 
object pasteurization must te efficient. To make it universally 
so, pasteurization plants should l)e under supervision of health 
officers, who shouhl provide for the following points: 

1. No milk should lx> used for pasteurization if it is derived 
from a filthy dairy. Pasteurization cannot do away with dairy 
inspection. As a tentative stand.ard for admission of milk to 
pasteurization it might be required that the dairy whose milk is 
to l)e pasteurized should score at least 55 on the government 
score card. 

2. Milk should be kept cool during transportation to prevent 
excessive multiplication of bacteria. Health officers should test the 
temperature of the milk upon its arrival at the pasteurization plant. 

3. The holding process should take the place of the flash 
proems. ^ The fliish pro(!e.ss jis usually practised, by heating milk 
to 100° h. for a fraction of a minute, is not to he depended upon 
to render the milk safe. It is essential that dealers as well as 
consumers should understand that pasteurized milk means milk 
heated at .sufficiently high temperature to surely destroy patho¬ 
genic bacteria A clear definition of the term “pastemization” 
should l)e decided upon by boards of health. It is safe to de¬ 
fine pasteurization as the process of heating milk to 145° F. and 
holding it at this temperature for thirty minutes, or heating to 
160° F. for five minutes. 



METHODS OF REDUCING THE GERM CONTENT 


529 


4. After pasteurization the milk should be cooled to 50® F. 
or below, and kept cool until delivered. 

5. Automatic devices for recording the exact temperature of 
the milk during pasteurization should lie installeti with each 
machine. These devices .should lie kept locked !ind remain inai'- 
cessible to any one hut the deputy of the health dejiartment. 
Both the temperature and the period of holding should l)e recorded, 
and it is advantageous to have a temperature recorder both be¬ 
fore the milk enters and after it leaves the holding system. 

6. The efficiency of pasteurization should lie controlled by 
bacterial enumeration. As previou.sly .stated, definite piTcentage 
standards are of little value, since in a milk of high bacterial con¬ 
tent a higher percentage is destroyiai than in one containing few 
bacteria. Comparative count.s of bacteria before and after pas¬ 
teurization will, however, aid in profK-r control of the process. 

7. After pasteurization milk should receive us much care as 
raw milk. 

8. Consumers are entitled to know they are n-ceiving pas¬ 
teurized milk and the day when it was pasteurized. The fact 
that the milk hius tjcc-n pasteurized and the date of iiasteurization 
should lie indicated on the bottles. 

Evidence that pasteurized milk is iKmeficial to public health 
is difficult to gather. Introduction of pfisteurizution is a slow 
and gradual process and one that is not (*asily controlled, Ixicause 
milk is assembled from many sources. However, a few indica¬ 
tions of I)enefits derived are available. I bus Joidan statics that 
typhoid fever is more prev'alent in (‘iti(*s of the I nited States than 
in European cities, even when American cities have good water- 
supplies. He a,scrilK-s this to the common custom in Euro|ie of 
heating milk l)efore its consumption. Hosenau, 1-umsden, and 
Ka-stle after invi'stigating the cau.ses of typhoid fever in Washing¬ 
ton D C., found that the lowest fKTcentage-of cases was among 
customers of the onlv dealer who pasteurized the milk and steril¬ 
ized the bottles. Straus staters that la-fore distribution of pas¬ 
teurized milk for infant feeding in New York City, the death-rate 
among children Irelow five yearn was 1)C..2 per 1000 ,)er annum and 
136 4 per 1000 in June, July, and August. After distribution of 
pasteurized milk the death-rate fell to A'i j^r KXK) ,ier annum and 
62 7 during the summer. It is prol>able, however, that the good 
results were not wholly due to pasteurization. Imiiortant acces¬ 
sory factora here were the limiU-d quantity given each baby and 
the instructions tendered the mothers as to the care of the toby. 

Pasteurization of milk is of immense importance in the hand¬ 
ling of skimmeil milk from creameries and whey from chei^ fac¬ 
tories These by-proilucts frequently contain tubercle bacilli and 



630 


Miui: 


file organisms of other cattle diseases, and may serve to spread 
these diseases. Furthermore, dairy products are frequently in¬ 
jured or may have to be rejected on account of the activity of 
micro-organisms which cause abnormal fermentation. These or¬ 
ganisms are also spread frequently through skimmed milk and 
whey. 

Skimmed milk and whey should always be pasteurized before 
they are delivered to patrons of creameries or cheese factories. 
Dotterer and Breed and Farrington and Hastings recommend 
flash pasteurization at 176° F. for these products. In Denmark 
and several states of this country legislation has made pasteuriza¬ 
tion of skimmed milk and whey compulsory. 

Tests.—Hastings recommends two tests for the proper pas¬ 
teurization of skimmed milk and whey, namely, the Stotch test 
and the potassium-iodid-starch test. According to this author 
the tests are carried out as follows: Starch’s test: Two solutions are 
prepared: 1. Dilute 1 part commercial hydrogen peroxid with 
14 parts water. This solution keeps for about six weeks. 2. 
One part paraphenylendiamin is dissolved in 50 parts water and 
the solution filtered. To 20 c.c. of the milk in a t^cup are added 
3 to 5 drops of Solution 1, and after mixing, 1 to 2 drops of Solu¬ 
tion 2. A grayish-blue color develops at once in raw milk, while 
in milk heated to 176° F. or above no color appears immediately. 
Some color may appear in two minutes or after a longer interval. 
One per cent, raw milk in heated milk can be detected by this 
test. 

The potassium-iodid-starch test is preferred to the Storch test 
by Hastings, because the material can be readily purchased. 
TVo solutions are necessary for this test, namely: 1, The potas- 
sium-iodid-starch solution, and 2, diluted hydrogen peroxid. The 
first solution is prepared as follows: Mix 2 to 3 parts of wheat 
starch with a little cold water and then pour 100 parts boihng 
water on it. Stir well. Then add 2 to 3 parts potassium iodid, 
previously dissolved in a little water. For the test, place 20 to 
30 c.c. of the milk in a teacup and mix with it 15 to 20 drops of 
Solution 1. Then add 6 to 8 drops of Solution 2. In raw milk a 
blue color appears immediately around the hydrogen peroxid, or 
sometimes the color is greenish when an insufficient quantity of 
potassium-iodid-starch solution is present. Any color develop¬ 
ing later may be disregarded. 

The critical temperature of both testa is 176° F. If the milk 
has been heated to this temperature or higher, no color develops, 
but if heated to a temperature between 160° and 174° F., the color 
appears more slowly than in raw milk. 

There have been a number of objections raised to pasteuriza- 
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tion of milk. The most commonly advanced one is the supposed 
destruction of lactic acid bacteria and the survival of spores of 
peptonizing bacteria which are said to produce poisonous sub¬ 
stances. This objection is basetl largely on the much discussed 
work of Fliigge, who isolated spore-bearing bacteria from heated 
milk, and after cultivation injected them into rabbits. Intoxioa- 
tion followed in some cases. It is usually assumed that lactic 
acid bacteria are “beneficent” or “nature’s danger signal,” etc. 
It is true that the acid producetl by this group of bacteria restrains 
many other varieties, and even may destroy them when a suffi¬ 
cient amount of acid has accumulated to coagulate the casein and 
impart a decidedly soiu" taste to the milk. On the other hand, it 
has never been conclusively proved that peptonizing bacteria 
actually produce poison. FlUgge’s work shows that large num¬ 
bers may produce intoxication in rabbits, an ol)8ervation which 
cannot be applied to human lieings without further evidence. 
But if peptonizing bacteria do produce poisons they will do so in 
raw as well as in pasteurized milk, and most bacterial poisons are 
destroyed at 60° C. 

What changes in the bacterial flora of milk actually take place 
during pasteurization was a matter of sjwculation l)efore Ayers 
and Johnson made their exhaustive study. The results of this 
study are of great importance, and sijine space can profitably lie 
devoted to them. The work of Ayers and Johnson is peculiarly 
exhaustive, and has l)een confirmed by many observations since 
it was published. Stufly of individual tyjjes of bacteria in milk 
is difficult, time consuming, and sometimes misleading. The 
authors therefore classified milk bacteria into the following five 
groups: 1, Acid-coagulating; 2, acid, not coagulating; 3, inert; 
4, alkali forming; 5, peptonizing. Grouping was based on the 
study of the reactions in litmus milk. Each colony on suitable 
plates prepared from milk wiis transferred to a tulie of litmus milk, 
incubated at 30° C'., and kept under observation for fourteen days. 
Plates were prepared from raw milk and from the same milk after 
heating for thirty minutes at the desired temperature. The ac¬ 
companying charts (Figs. 216, 217) graphically show the r^ulte. 

The following important facts are demonstrated by this work: 
In raw milk the inert group is the largest. After pasteurization 
at 62.8° C. (145° F.) for thirty minutes the relative number of 
acid-forming bacteria has greatly increased, while the relative 
number of alkali-forming and peptonizing bacteria has decreased. 
At 71.1° C. (160° F.) the percentage of acid-forming bacteria is 
still the largest, but they have been affected by the heat so that 
the majority coagulate milk slowly. Alkali-forming and pep¬ 
tonizing bacteria represent the smallest groups. After pas- 
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leumation at 76.7° C. (170° F.) there is little change in the reia- 
tion of the acid group, but the peptonizing group begins to in¬ 
crease. This increase is continued as the pasteurizatipn tempera¬ 
ture is raised. When milk is pasteurized at 82.2° C. (180° F.) 
peptonizing bacteria are predominant and continue to predomi¬ 
nate at still higher temperatures. 
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fig, 216.—^Tho hypothetic relations of the bacterial groups in raw and pas- 
trona^ milk. (A^era and Johnson, Bull. 161, Bureau of Animal Industry', 
U. S. Dept, of Agriculture.) 


As long as the pa.steurization temperature is not higher than 
76.7° C. (170° F.) acid-producing organisms predominate. When 
higher temi»ratures are applied the acid group is largely destroyed 
and peptonizing bacteria predominate. The percentage of lactic 
neid bacteria sundving pasteurization in different kinds of milk 
.Vniiee from 1.27 to 4.55 per cent. 

When milk is pasteurized at 62.8° C. (145° F.) for thirty 
jpiinutee and then kept at room temperature the changes pro-- 
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duoed by bacteria vary according to the quality of the milk. If 
it has a low bacterial content, peptonizing bacteria may multiply 
at a great rate, and will prevent lactic acid bacteria from 8ul> 
Btantiai proliferation. The milk peptonizes. In a milk of me- 
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Fir. 217.—The hvpothetie relation of the baeterial gmupa in raw and paa- 
teuriaed milk. (.\yer< and Johnson, Bull. 161, Bureau of Animal Industry, 
U. 8. Dept, of Agriculture.) 

dium quality lactic acid bacteria multiply from the beginning, 
checking all other groups by the amount of acid formed, and the 
milk sours normally. In a poor grade of milk both peptonizing 
and lactic acid bacteria multiply at the l)eginning, but the acid 
group gradually takes the lead. If milk pasteurized at 62.8° C. 
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(145° F.) for thirty minutes is kept in an ice-chest at 10° C. 
(50° F.) the changes produced by bacteria are different. Pep¬ 
tonizing bacteria multiply slowly, if at all; the relative number of 
lactic acid bacteria remains the same for some time and alkali- 
forming bacteria may increase after five days. Ultimately the 
acid group predominates. 

TTie authors determined the thermal death-points of 64 acid¬ 
forming bacteria. One culture in broth required a temperature 
of 79.4° C. (175° F.) for thirty minutes for its complete destruc¬ 
tion. In milk it was necessary to expose a certain strain of 
Streptococcus lacticus to a temperature of 75.6° C. (168° F.) for 
thirty minutes to accomplish destruction. 

Ayers thinks there are two classes of streptococci which sur¬ 
vive pasteurization, namely: 1, Streptococci which have a low 
majority thermal death-point and among which there are a few 
individuals that survive pasteurization temperature, and 2, 
streptococci which have a high majority thermal death-point and 
survive because this point is above the temperature of pasteuriza¬ 
tion. 

Prolonged heating at 54.4° C. (130° F.) increa.ses the relative 
destruction of bacteria. However, in milk pa.steurized at 62.8° C. 
(145° F.) application of heat for six hours does not produce greater 
destruction of bacteria than heating for thirty minutes. 

This work of Ayers and Johnson has thrown the first light on 
the changes which take place in the bacterial flora during pas¬ 
teurization. It shows clearly that some lactic acid bacteria sur¬ 
vive, with the result that pasteurized milk usually sours normally. 
In exceptional cases efficiently pasteurized milk does not turn 
sour, but is peptonized. This same phenomenon happens in very 
clean raw milk. 

The comprehensive investigations of Ayers and Johnson were 
made under laboratory conditions. Therefore only tentative con¬ 
clusions can be drawn as to the effect of commercial pasteurization 
upon bacteria. However, the results are so clear cut that it seems 
reasonable to assume that they apply, in a measure at least, to 
efficient pasteurization. 

In a more recent paper the same authors have published 
further investigations on the ability of streptococci to survive 
pasteurization. Strains, 139 in number, were isolated from cow 
feces, from the udder and mouth of the cow, and from milk and 
cream. At 60° C. (140° F.) 64.03 per cent, survived; at 62.8° C. 
(145° F.) 33.07 per cent, survived, and at 71.1° C. (160° F.) 
2.58 per cent, survived. All were destroyed at 73.9° C. (165° F.). 
The strains from milk and cream were more resistant than strains 
from other sources. Of the milk and cream strains, 100 per cent. 
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survived at 60° C., 94.44 per cent, at 62.9° C., and 50 per cent, 
at 68.3° C. At 73.9° C. aU streptococci from milk and cream were 
destroyed. Long-chained streptococci, which are considered by 
some authors to be pathogenic, were leas resistant to heat than 
shorb-chained ones. These testa were made under laboratory 
conditions similar to commercial pasteurisation and have, there¬ 
fore, practical significance. 

It is interesting and important to note that Ayers and John¬ 
son, in an experimental study of the thermal death-points of 
pathogenic streptococci, found that none survived heating in 
milk to 60° C. (140° F.) for thirty minutes. 

In another connection it has tieen mentioned that some strains 
of Bacillus coli are able to survive pfusteurization at 62.8° C. 
(145° F.). Since lactic acid bacteria of lx)th the B. coli and strep¬ 
tococcus group survive, pa.steurized milk will sour much as doM 
raw milk. The chief difference lies in the fact that in pasteurized 
milk streptococci are more likely to gain ascendency over the Ba¬ 
cillus coli group than in raw milk. Therefore sour pasteurized milk 
will show the effect of Streptococcus lacticus more plainly than 
raw milk. That is to say, the curd will be unifonn, there will be 
very little gas, and the taste will te that of lactic acid. The 
souring process will be delayed, of course, on account of the de¬ 
struction of many lactic acid bacteria. The so-called beneficent 
bacteria exist in pasteurized milk, and “nature’s danger signal” 
is in operation in pasteurized as well as in raw milk. Peptonizing 
bacteria survive, too, but the proportion of these is smaller than 
in raw milk, so that the digestion of milk proteins rarely occurs. 
Tliere is less danger from peptonizing bacteria in pasteurized milk 
than in raw milk, and a valid objection to pasteurization on this 
score is not tenable. 

A common objection to pasteurization is the alleged alteration 
that heat prorluces in milk. Appearance, taste, odor, and di- 
gMtibility are said to lie affected. It is true that boiling does 
change the appearance, and that a cooked taste and odor are 
acquired. In milk pasteurized at 145° C. for thirty minutes these 
alterations, if there are any, are so slight as to l>e unnoticeabie. 
This subject has l)een discussed in detail on page 131. As to di¬ 
gestibility, it has been said that pasteurized milk is the cause of 
scurvy and rickets. Milk is more commonly boiled in Holland, 
France, and Germany than in this country, and still scurvy and 
rickets are no more frequent in tbeae countries than here in the 
United States. In reality, these disorders are scarce everywhere 
and yield readily to simple treatment. Freenum has analyzed 
356 cases of scurvy investigated by the American Pediatric 
Society, with the following results: 60 per cent, were due to 
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proprietary foods, 19 per cent, to sterilized milk, 10 per cent, 
to conden.wd milk, 3.5 per cent, to breast milk, and 4.5 per cent, 
to pasteurized milk. These figures speak for themselves. 

It is .said that pasteurization encourages filthy production, 
and that the day is deferred when clean, raw milk—termed by 
Nathan Straus an “elusive ideal”—will be the common market 
milk. It is said by some that the producer will consider care and 
cleanly habits superfluous if he knows his milk is to be pasteurized 
anyhow. Perhaps this objection would not be wholly without 
foundation if it were proposed to pasteurize any kind of milk. 
Attention has been calle(l to the necessity of dairy inspection 
which shoukl eliminate milk from producers whose score is less 
than 55 on the government score card. If efficient inspection is 
carried out in conjunction with pasteurization this objection 
cannot hohl. 

“Life” in milk is destroyed, according to some objectors. 
“Life” in milk is obviously a loo.se term, and usually refers to the 
presence of enzyms in milk, whether these are native enzyms or of 
bacterial origin. Whether milk enzyms are of u.se in aiding diges¬ 
tion of milk has never teen determined, but admitting the fx)s- 
sibility, enzyms in cow's milk were not intended by nature for 
babies. If it can be shown that they are of benefit for calves, 
no proof is implied that they are of benefit to human beings. 
Besides, heating milk to 60° C. for thirty minutes does not destroy 
enzyms; most of them are not affected and only a few are weak¬ 
ened. These are reductases and cataliises and have no concern in 
digestive processes. 

The effect of the temperature and holding period of pasteur¬ 
ization on enzyms and some of the most important pathogenic 
bacteria has b^n graphically illustrated by North in the chart 
(Fig. 218). 

The statement is sometirnas made that vitamins are destroyed 
by pasteurization. Vitamins seem to be essential for reproduc¬ 
tion and development, but scientists are .still ignorant of their 
nature. They are widely distributed, especially in some foods, 
such as milk and eggs, and also in the leaves of plants. Two 
types of vitamins are recognized. One of these types is fat- 
soluble and is present in some fats, notably butter-fat and the fat 
from the yolks of eggs. It is contained also in other substances, 
as in alfalfa leaves for example. The other type is water-soluble. 
According to Hart and Steenbock, the water-soluble vitamin is 
present in milk, eggs, grain, the leafy portions of plants, and in a 
very limited degree in polished rice. It can be obtained by ex¬ 
tracting these sutetances with water. Both vitamins are neces¬ 
sary for normal growth, but experiments made by Hart and 
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tSteenbock have proved that they are not destroyed by pasteurisa¬ 
tion. 

Cow’s milk was never intendetl by nature for human con¬ 
sumption. If man decides to use an alien milk which is drawn 
and handled under conditions of his own ninkinfi;, he cannot ex¬ 
pect it to be in the same condition as when it is ronsumed in na¬ 
ture’s fashion directly from the udder. Man must use means of 
self-protection under the circumstances. Pasteurization may not 
be the ideal remedy, but ideal raw milk is so far removed from 
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Fig. 218.—Showing the effoct of the tcmpcratvirc and holding period of pan- 

teuriration on enzyms and oome of the important |Mithogenic bacteria. 

realization under present conditions that a remedy like pasteuriza¬ 
tion is not only advisable, but becomes a necessity. If some of 
those whose duty it is to control the process in the interest of 
public safety do not fulfil their duty properly there will be less 
harm done than if a similar class of inspetrtors of raw milk produc¬ 
tion has to be dependetl upon. 

Dealers have sometimes objected to the increaiied cost of 
production occasioned by pasteurizing their pro<luct. Bowen, 
who has thoroughly investigated this point, has stated that it 
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costs 0.313 cent per gallon to pasteurize milk. Safety from dis¬ 
ease is surely worth this additional cost. 

In certain quarters the ciy is raised that pasteurization is not 
always carried out conscientiously. This may be true, but can¬ 
not be used as an argument against the efficiency of the process. 
The dishonesty or ignorance of some individuals does not vitiate 
the principle of pasteurization. In the large cities of this country 
pasteurization is commonly practised, as shown by the following 
figures given by Ayers: 


EXTENT OF PASTEURIZATION OF MILK IN CITIES IN THE UNITED STATES 


PopuUtion of citiea. 

Number of 
oitioe 
snuwenog 
quostioD. 

More than 

50 per cent, 
pastour* 
iied. 

11 to 50 
l)er cent, 
paeteur* 
ued. 

Oto 10 
per cent. 

paatouT' 

ued. 

None 

paateur- 

isod. 

Mora than SOO.OOO 

9 

7 

2 

0 

0 

100.001 to 600.000 

40 

12 

20 

6 

2 

76,001 to 100,000 

10 

5 

H 

4 

2 

60,001 to 75,000 . 

30 

4 

15 

6 

6 

25,001 to 60,000 . 

7« 

13 

31 

12 

22 

10.001 to 25,000 . 

m 

10 

40 

18 

100 

Total. 

344 

51 

no 

46 
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PROPORTION OF TOTAL MILK-SUPPLY PASTEURIZED IN CERTAIN CITIES* 


Percentoge Percentagp 


City. 

paatouriaod. 

City. 

paateurued. 

Boeton, Mam. 

. 80 

Philadelphia, Pa. 

85 

C'tueagu, 111. . . 

. .. 80 

nttabunih. Pa. 

65 

Elelrott, Mich. 

. . 57 

St. Louu, Mo.. . . 

70 

New York. NY. 

. . 88 




The same author states that in 1912, of 231 milk plants ex¬ 
amined, 99 per cent, of those using the holder process, pasteurized 
at the proper temperature, while among those using the flash 
proceas 57 per cent, employed temperatures high enough to give 
satisfactory results. The holder process is constantly gaining 
favor, and at the present time milk is probably more efficiently 
pasteurized than the above figures indicate. Every new process 
must have time for development and attainment of perfection. 

Instruction of the public as to the meaning of pasteurization 
sliould receive more attention than heretofore. The consumer 
must not be allowed to believe that pasteurized milk needs less 
care than raw milk, and he should know that pasteurized milk 
means milk heated to a degree which destroys infectious material. 
Otherwise a feeling of false security may be created. This prin¬ 
ciple also applies to certified milk, as has been pointed out. 

Whether milk should be pasteurized in the home is a qura- 
tion which presents itself. In European countries milk is com¬ 
monly boiled, but this is a different matter from pasteurization. 
It is easy to know when milk is boiling, but to know when it has 
reached a certain temperature means the intelligent use of a good 
thermometer. This thermometer should always be inserted into 
* In the small dties the percentage of milk pasteurised is much lower. 
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one of the milk bottles. Experience has shown that home treat¬ 
ment of water or milk is not always successful. For the great« 
part of the population, milk pasteurized on a large scale is prob¬ 
ably the safer milk. 

Directions for home pasteurizatioo of milk are given by Rogers 
as follows; A small pail with a perforated false Iwttom is used. 
An inverted pie tin with a few holes punched in it answers the 
purpose. The bottles of milk are placed on this false bottom and 





F’g. 219.—Desirable arrangempiit for Fig. 220.—An ntpcrially c<m- 

pastcuriziDK milk fur infants' use. stnicted |>aU devised in dairy lab(s> 

ratory for effieioit pasteurisihg and 
cooling of milk. Can be made by 
any tinner. 

(Frandsen in Bull. No. 39, Univ. of Neb. Agri. ExP' Bta.) 

a good thermometer inserteil into one of the Ixittles. The pail is 
filled with water nearly to the surface of the milk, and heated until 
the thermometer shows a temperature of not less than 145° F. 
nor more than 150° F. (Figs. 219, 220). The bottles are then re¬ 
moved and covered with a towel to hold the temperature for 
twenty to thirty minutes. The milk is cooled by placing the 
bottles first in warm water—to avoid breakage—and then in cold 
water. Lastly they are placed on ice. A wire Imsket can be used 
to hold the bottles, as shown in Fig. 221. In this case the bottles 
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are removed after the thermometer shows the desired tempera¬ 
ture of 145° to 150° F., and the water is then cooled to the same 
temfx'rature by addition of cold water. The bottles in the 
basket are placed into the pail again and held for twenty to thirty 

minutes. Then cold water is run 
into the pail until the bottles 
have cooled. 

Frost has de.soribed a test for 
determining whether milk has actu¬ 
ally been heated to 60° C. The 
basis of the test depends on stain¬ 
ing leukocytes broken down by 
heating and susceptible to staining. 
The test is made as follows: The 
stain is prepared by adding about 
7 grams of Griibler’s dry methyl¬ 
ene-blue to 100 c.c. distilled water. 
After shaking frequently for several 
hours the solution is filtered. Saf- 
ranin 0 and (^oget’s thionin can 
also be used, but methylene-blue 
gives the best results. One part 
of this stain is added slowly to 5 
parts of milk so iis to prevent co¬ 
agulation. After standing for fif- 
twn to thirty minutes the mix¬ 
ture is centrifugalized and the 
sediment smeared on a slide. 
After drj’ing, it is ready for ex¬ 
amination. A Stewart-Slack tul)e 
answers well for centrifugalizing. 

FiK. 221.-Wirc basket holding I" .''‘‘7 is 

bottles for pasUMirization of milk. Stained a hffht blue, the intensity 
(Hogora in Circular 19^ Bureau of of the stain depending upon the 

Sturer'^’ ® thickness of the film. Clear areas 

consisting of fat globules and 
leukocytes appear in the blue background. The fat globules are 
smaller than the leukocytes. Under high power the leukocytes 
are practically colorless. Mononuclear cells are well stained and 
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are not considered, the test depending on the lack of stain of 
polymorphonuclear cells. In heated milk the background is not 
as deeply stained as in raw milk. Leukocytes are always more 
deeply stained than the background, and can be seen imder low 
lowers as dark blue areas in a lighter blue field. Under the oil- 
immersion lens leukocytes are less irregular in outline than those 
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in raw milk and are rounded and shrunken. Nuclei arc dis¬ 
tinctly stained. The author of this method of staining claims 
that with little practice the different* between heated and raw 
milk Ijecomcs easily apparent. 

Attempts have lx*n made to prolong the keeping quality of 
milk and to render milk safe by means other than heat. Budde 
in 1903 introduced a process known as “buddeizing.” This 
consists in adding 12 e.c. of hydrogen pt'roxid to 1 quart of 
milk and kwping the mixtun' at 52° C. for several lu)urs. The 
majority of bacteria an' ilcstroytsl, but a small exet'ss of hydro¬ 
gen peroxid imparts a (li.sagn'eablt! bitter taste to the milk. This 
can be overcome by adding a catahust*. “Heian” is a catahise pre¬ 
pared from the liver of a rabbit juid has lavn us(‘d for this pur- 
{x»sc. However, the melh<Kl is 1 «h) complicalt'd to lx- of practical 
value and the rapid sf'paration of cream after buddt'izing is a d(‘- 
cided di.siidvantage. The i)r(K-c.ss has iM'ver Ix-en jxjpular and is 
uncertain in n-sults lx‘cau.s<! of the variable potency of commercial 
preparations of hydrogen jx'roxid. Some of these contain |:x)ison- 
ous substances, such as mineral acids, acetaniliil, arsenic or barium 
salts, and at Ix-st are unstable pnxlucts. 

Von Behring’s n'coinmcndation to add fomialdehyd to milk 
has IxTii given sorin' attention. No detrimental n'sults could Ix' 
olwervixl when animals wen* fed with milk rontaining formaldchyd 
in the projx)rtion of 1 : ri.oO parts of milk. Formaldchyd in 
the projxirtion of 1 : 10,(XK) cannot lx- deti'cted by means of the 
sensi's and bacterird growth is iidiibitrxl for a numlxT of days. The 
amount recommended by v. Behring is 1 : 4(),(X)0. This amount 
is not g*>rmicidal, but has a restraining effect on bacterial growth. 
The Ix'iiefit derived from its us(' is then'fore doubtful, and con¬ 
stant ingestion of even small quantities of formaldchyd is prolmbly 
liarmful to infants. 

Destruction of Imcteria by ultraviolet rays has Ixrn pro¬ 
posed as a means of miucing the bacterial content of milk. Ayers 
and Johnson have made a comprehensive invt'stigation of the 
value of this method. The rays are genr-rated by powerful 
lamps and the milk must lx* exposed to this light in thin layers. 
Under the most favorable conditions 99.9 p<'r cent of the organ¬ 
isms are destroyrMl. However, ultra-violet rays have not the same 
selective action on pathogenic bacteria that heat has and the 
process can hardly take the place of pasteurization. The factors 
involved are more numerous than in pasteurization processes, 
and are consequently more difficult to control under commercial 
conditions. Vegetable cells succumb more easily than spores, 
and the process is less suitable for cream than for milk, probably 
because the viscosity causes it to flow in thicker layers. When 
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milk is exposed to ultraviolet rays for a time sufiSciently long to 
destroy bacteria, a disagreeable flavor is produced which renders 
the milk valueless Milk botte are not steriUzed by ultraviolet 
rays as efficiently as by steam. 

Biorization of milk is a process by which milk is heated rapidly 
to 75° C. and cooled as rapidly. This is accomplished by dispers¬ 
ing the milk into fine droplets in a room at 75° C. and then cooling 
in a Liebig condenser. Schmitz claims that all pathogenic bac¬ 
teria are absolutely destroyed by this process and that the milk 
retains raw milk propxjrties. 

Electricity and ozonization have been recommended for the 
destruction of germ life in milk. Up to the present none of these 
methods has l)een successfully applied. Wiener believes he has 
demonstrated that the process of ozonizing milk is superior to 
any method applied at the present time; that ozonized milk is 
free from pathogenic microlxjs without having suffered alteration 
in taste. Milk has been frozen for exportation, as the low tem¬ 
perature prevents bacterial multiplication. The milk, when 
frozen, does not decompose to an appreciable extent, but, as stated 
earlier, undergoes serious physical changes. The thawed product 
is never the same as the original milk. This process of preserva¬ 
tion has been used extensively in Denmark. 
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THE CONTROL OF MILK-SUPPLIES 

Attempts at reitulatinj; public milk-supplies were made long 
before modern sanitary science became e8tal)li8hed. In 1599 the 
Senate of Vienna forbade the sale of milk, butter, and cheese for 
a time on account of an epidemic which was believed to originate 
from dairy products. In an encyclopedia in 1739 the first intima¬ 
tion of cleanly proceedings appeared. “Milk from old cows or 
cows raised for beef is not good; good milk is either white or yel¬ 
low, not green or blue; cows must be properly fed and the straw 
must be clean; milk maids must keep themselves clean; utensils 
must be kept clean and after milking the milk should be filtered 
through a cloth; uncleanly milk turns sour.” In Paris in 1743 
a milk ordinance was passed which regulated the feeding of cows, 
goats, and asses. An attempt at hygienic milk production was 
made by John Peter Frank near the end of the 18th century, as 
is indicated by the following extract: “Milk should not be handled 
in vessels of zinc, lead, copper, or brass. In Paris, where milk is 
handled in copper vessels, whole families have perished from 
poisoning with verdigris.” The same author calls attention to 
sanitary conditions in cow stables, and quotes a case where a 
cow was bitten by a mad dog as a result of which a farmer and his 
family contracted rabies. The lactometer was introduced by 
Cadez de Waux. Another sign of progress came in the passing 
of a milk ordinance in Hamburg in 1818. In 1842 a book was 
published by Hartley, who lost a child and ascribed its death to 
impure milk. It was published in New York and is entitled 
“An Historical, Scientific, and Practical Fssay on MiUc, as an 
Article of Human Sustenance; with consideration of the effects 
consequent upon the present unnatural methods of producing it 
for the supply of large cities.” Recently a great impetus was 
given dairy development in this country by Dr. Coit’s plan for 
certified milk. 

Meat and food inspection was commenced earlier than milk 
in8f)ection and is more efficient at the present time. It is true 
that milk control involves unique difficulties, as milk is usually 
consumed twenty-four to forty-eight hours after production, while 
meat and other foods are hdd for considerable periods. When 
meat and other foods are found unfit for consumption there is 
time enough to eliminate the offending lots, but milk has been 
consumed by the time its quality has been determined. There¬ 
fore milk control must cover a large field of inquiry, and can be 
544 



THK CONTHOL OF MirK-SUPPUES 


545 


effective only in reference to general supplies, not to individual 
cases. Inspection of milk-supplies assumes special importance 
when it is considered that the bulk of the population cannot 
afford certified milk. Babies of the poor must be fed with a 
cheaper milk, and there should be available a low-priced milk of 
reliable quality. Some dealers are now carryinR different qualities 
of milk, namely, certified, inspected, and pasteurized milks. 
Inspected milk is obtained from herds free from tuberculosis as 
determined by the tuberculin test. It is produced under condi¬ 
tions of cleanliness which Ruarantee a nia.\imuin bacterial count 
of 100,000 per cubic centimeter durinR the summer months and 
50,000 to 60,000 in the winter months. This milk is sold at an 
advance of about 2 cents per quart over the price of pasteurized 
milk. Inspected milk is sold to those who prefer raw milk to 
pasteurized milk. However, it offers no safcRuard aRainst the 
germs of typhoid fever, dysentery, diphtheria, scarlet fever, etc., 
other than additional cleanlines,s and the protective influence of 
limited inspection. 

To give consumers a choice of different grades of milk is a 
policy which aids in showing the public that milk may differ in 
quality. This has been amply demonstrated in New York, where 
the different grades of milk have teen sharply defined by the 
Board of Health. The regulations in force in New York City 
are concise and in many respects worthy of imitation. A copy of 
them is given here: 

KEGULATIONS OF THE DEPARTMENT OF HEALTH OF THE 

CITY OF NEW YORK RELATIVE TO THE GRADING OF MILK 

AND CREAM 

Section 156. Milk and Cream; Grades and Deingnations .—AU milk or 
cream held, kept, offered for sale, sold, or delivered in the City of New York 
shall be so held, kept, offered for sale, sold or delivered in accordance with 
the Regulations of the Board of Health and under any of the following grade* 
or dee^ations and not otherwise: 

“Grade .A: For Infants and Children.” 

1. Milk or cream (raw). 

2. Milk or cream (pasteurized). 

“Grade B: For Adults.” 

1. Milk or cream (pasteurized). 

“Grade C: For Cooking and Manufacturing Purpose* Only.” 

1. Milk or cream not conforming to the requirement* of any of 

the subdivisions of Grade A or Grade B, and which has 
been pasteurized according to the Regulations of the Board 
of Health or boiled for at least two (2) minute*. 

2. Condensed skimmed milk. 

The provisions of this section shall apply to milk or cream used for the 
purpose of producing or used in preparation of sour milk, buttermilk, homo¬ 
genized milk, milk curds, sour cream, Smeteny, Kumy^, Matzoon, Zo6lak, 
and other similar products or preparations, provided that any such product 
or preparation be held, kept, offered for sale, sold, or delivered in the City of 
New York. 

3S 
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RcocriAnoira Govebnino the Sale of Grade “A” Milk or Cream (Raw) 

Definition.—Grade “A” milk or cream (raw) is milk or cream produced 
and handled in accordance with the Regulations as herein set forth: 

Regulation US. Tuberculin Test and Physical Condition. —On!^ such 
animals shall be admitted to the heri as are in good physical condition, as 
shown by a thorough physical examination accompanied by a test with the 
dia^ostic injection of tuberculin, within a period of one month previous to 
such admission. The test is to be carried out as prescribed in the Regula¬ 
tions of the Department of Health governing the tuberculin testing of cajtle. 
A chart recording the result of the official test must be in the possession of 
the Department of Health before the admission of any animal to the herd. 

Regulation tI4. Bacterial Contents. —Grade “A” milk (raw) shall not 
contain more than 60,000 bacteria per c.c. and cream more than 300,000 
bacteria per o.o. when delivered to the consumer or at any time prior to such 
delivery. 

Regulation ItB. Scoring of Dairies. —All dairies producing milk of this 
designation shall score at least 25 points on equipment and 50 points on 
methods, or a total score of 75 points on an official dairy score card approved 
by the Department of Health. 

Regulatum 118. Tinu‘ of Delivery. —Milk of this designation shall be 
delivered to the consumer within thirty-six hours after production. 

Regulation 117. Bottling. —Milk or cream of this designation shall be 
delivered to the consumer only in bottles, unless otherwise specified in the 
permit. 

Regidation 118. Labeling. —The caps of all bottles containing Grade 
“A” milk or cream (raw) shall be white, with the grade and deagnation 
“Grade A (raw),” the name and address of the dealer, and the word “Certi- 
fi^” when authorised by the state law, clearly, legibly, and conspicuously 
displayed on the outer side thereof. No other word, statement, design, 
mark, or device shall appear on that part of the outer cap contaming the 
grade and the designation unless authorized and permitted by the Depart¬ 
ment of Health. A proof print or sketch of such cap, showing the size and 
arrangement of the lettering thereon, shall be submitted to and approv^ 
by the said Department before being attached to any bottle containing milk 
or cream of the said grade and designation. 

Additional Reoulationr Governino the Sale of Grade “A” Milk 
OR Cream (Pasteurized) 

Definition.—Grade "A” milk or cream (pasteurized) is milk or cream 
bandied and sold by dealers holding permits therefor from the Board of Health, 
and produced and handUd in accordance with the Regulations as herein set 
forth: 

•11 ^itulcdion 119. Physical Exawination of Coles. —All cows producing 
milk or ci^m of this designation must be healthy, as determined by a phys¬ 
ical examination made annually by a duly licensed veterinarian. 

Regulation ISO. Bacterial Content. —Milk of this designation shall not 
rantain more tlian 30,000 bacteria per c.c. and cream more than 150,000 
bact^a per c.c. when delivered to the consumer or at any time after pas- 
prior to such delivery. No milk-supply averaging more than 
200,(^ b^teria per c.c. shall be pasteurized to be sold under this designation. 

Regumion tSl. Scoring of Dairies. —All dairies producing milk (W cream 
of this designation shall score at least 25 points on ^uipment and 43 points 
on methods, or a total score of 68 points on an official score card approved by 
the Department of Health. 

Regulation tSS. Times of Delivery. —Milk or cream of this des^ation 
shall be dehyered withintthirty-six hours after pasteurization. 

Regulation IBS. Bottling. —Milk or cream of this designation shall be 
dwv^^ to the consumer only in bottles unless otherwise specified. 

1S4. Bottles Only. —The caps of all bottles containing Grade 
A milk or cream (pasteurized) shall be white with the grade and designa- 
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tion “Grade A (pasteuriaed)," the name and address of Wie dealer, the date 
and hours between which pasteurization was completed, and the place where 
pasteurization was performed, clearly, legibly, and conspicuously display^ 
on the outer side thereof. No other word, statement, design, mark, or de¬ 
vice shall appear on that part of the outer cap containing the gtMe and 
designation, unless authorized and permitted by the Department of Health. 
A proof print or sketch of such cap, showing the size and arrangement of the 



and designation. No other words, statement, design, or device shall appear 
upon the outer cap unless approved by the Department of Health. The size 
and arrangement of lettering on such cap must be approved by the Depart¬ 
ment of Health. 

Regnlaiion liS. Pasteurization .—Only such milk or cream shall be re¬ 
garded as pasteurized as has been subjected to a temperature of from 142® 
to 145“ F. for not less than thirty minutes. 

Additional Regulations Governing the Sale op Grade “B” Milk or 
Cream (Pasteurized) 

Definition.—Grade “B” milk or cream (pasteurized) is milk or cream 
produced and handled in accordance with the minimum requirements of the 
Reflations herein set forth and which has been pasteurized in accordance 
with the Regulations of the Department of Health for pasteurization. 

Regulation 128. Physical Examinatwn of Cou's. —All cows produeing 
milk or cream of this designation must be healthy as determined by a physied 
examination made and approved by a duly licensed veterinarian. 

Regidalion 129. Bacterial Contents. —No milk under this designation 
shall contain more than 100,000 bacteria per c.c. and no cream shall contain 
more than 500,000 bacteria per c.c. when delivered to the consumer, or at 
any time after pasteurization and prior to such delivery. No milk-supply 
averaging more than 1,500,000 bacteria per c.c. shall be pasteurized in this 
city under this dreignation. No milk-supply averaging more than 800,0(X) 
bacteria per c.c. shall be pasteurized outside the City of New York to be sold 
in said city under this designation. 

Regulation 130. Scoring of Dairies. —Dairies producing milk or cream 
of this designation shall score at least 20 points on equipment and 35 points 
on methods, or a total score of 66 points on an official score card approved by 
the Department of Health. 

Regulation 131. Time cf Delirery. —Milk of this designation shall be 
delivered within thirty-six hours. Cream shall be delivered within seventy- 
two (72) hours after pasteurization. Cream intended for manufacturing pur¬ 
poses may be stored in cold storage and held thereat in bulk at a temperature 
not higher than 32“ F. for a period conforming with the laws of the state of 
New York. Such cream shall be delivered in containers, other than bottles, 
within twenty-four (24) hours after removal from cold storage and shall be 
used only in the manufacture of products in which cooking is required. 

Regulation ISt. Bottling. —Milk of this designation may be delivered in 
cans or bottles. 

Re^dation 133. labding .—^The cape of all bottles containing Grade 
“B” milk (pasteurized) and the tags attached to all cans containing Gr^e 
“B” milk or cream (pasteurized) shall be white with the grade and desima- 
tion "Grade B (pasteurized),” the name and address of the dealer, and the date 
when and place where pasteurization was performed clearly, legibly, and 
conspieuou^ displayed on the outer side thereof. The cape of all bottles 
containing (irade “B” cream (pasteurized) shall be white with the grade and 
deeignation “Grade B Cream (pasteurized),” the name and addrwia of the 
dealer, and the date when and the place where bottled, clearly, legibly, and 
conspicuously disfdayed on the outer side thereof. No other word, state¬ 
ment, design, mark, or device shall appear on that part of the outer cap or 
tag containing the grade and designation unless authorized and permitted 
by the Department of Health. A proof print or sketch of such cap or tag, 
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showing the size and arrangement of the lettering thereon shall be submitted 
to and approved by the said Department before being attached to *ny re¬ 
ceptacle containing milk or cream of the said grade and designation. 

Regulatum 134. Paskuri^alwn.—Oaly such milk or cream shall Ije re¬ 
garded as pasteurized as has been subjected to a temperature of from 142 ° 
to 145° F. tor not less than thirty minutes. 

Additional Reollations Goveenino the Sale of Geade “C” Milk ob 

Cream (Pabteueized) (foe Cooking and Manufacturing Pubposes 

Only) 

Definition.—Grade “C” milk or cream is milk or cream not conforming 
to the requirements of any of the subdivisions of Grade “A” or Grade “B” 
and which has been pasteurizfMl according to the Regulations of the Board 
of Health or hoik'd for at least two minutes. 

Hegulation /.?«. I'hysiail Emminutmn of Cows.—XU cows producing 
milk or cream of this designation must be healthy, as determined by a phys¬ 
ical examination made by a duly licensed veterinarian. 

Regulation 137. Barierial Conlcnf.—No milk of this designation shall 
contain more than 300,000 bacteria per c.c. and no cream of this grade shall 
contain more than 1,.500,000 bacteria per c.c. after pasteurization. 

Regulation 138. Scoring of Dairies .—Dairies producing milk or cream of 
this designation must score at least 40 points on an official score card ap¬ 
proved by the Department of Health. 

Re.gulation 1.3.9. Time of Delivery .—Milk or cream of this designation 
shall be delivered within forty-saght hours after pasteurization. 

RegukUion I 40 . Bottling .—^ilk or cream of this designation shall be 
delivered in cans only. 

Regulation I 4 I. labeling .—The tags attached to all cans containing 
Grade “C” milk (for cooking) shall be whiti; with the grade and di'signation 
“Grade C milk (for cooking),” the name and address of the dealer, and the 
date when and place where pasteurization was performed, clearly, legibly, 
and conspicuously displayed thereon. No other word, statement, design, 
mark, or device shall appear on that part of the tag containing the grade and 
designation, unless authorized and permitted by the Department of Health. 
A jiroof print or sketch of such tag, showing the size and arrangement of 
the lettering thereon shall be submitted to and approved by the said De¬ 
partment before being attached to the cans containing milk of the said grade 
and designation. The cans shall have properly sealM metal covers painted 
red. 

Regulation 143. Pasteurization .—Only such milk or cream shall be re¬ 
garded as pasteurized as has been subjectM to a temperature of 14.5° F. for 
not li'ss than thirty minutes. 

Additional Regulations Goveenino the Sale of Condensed Skimmed 
. Milk 

Definition.—Condensed skimmed milk is condensed milk in which the 
butter-fat is leas than twenty-five (25) per cent, of the total milk solids. 

Regulation 143. Cans to he PairUed Blue .—The cans containing con¬ 
densed skimmed milk shall be colored a bright blue and shall bear the words 
“Condensed Skimmed Milk” in block letters at least 2 inches high and 
2 inches wide, with a space of at least j inch between any two letters. The 
milk shall be delivered to the person to whom sold, in can or cans, as required 
in this regulation, excepting when sold in hermetically sealed cans. 

Additional Regulations Governing the Labeung of Milk or Cream 

Brought into. Delivered, Offered for Sale, and ^ld in New 

York Cm- 

Regulation 143. Labeling of Milk or Cream .—^Each container or recep¬ 
tacle used for bringing milk or cream into or delivering it in the City of New 
Ywk shall bear a tag or label stating, if shipped from a creamery or dairy. 
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the location of the said creamery or dairy, the date of shipment, the name of 
the d^er, and the gi^e of the product contained therein, except as else¬ 
where provided for delivery of cream in bottles. 

fiegulation 147. Labeling of MM or Cream to be Paeteurized. —All milk 
or.cream brought into the City of New York to be p^teurised shall have a 
ta^ affixed to each and every can or other receptacle indicating the place of 
shipment, date of shipment, and the words “to be pastcuriz^ at (stating 
location of pasteurizing plants).” 

Reffulatim Mislabeling of MM or Cream. —Milk or cream of one, 
grade or designation shall not be held, kept, offered for sale, sold, or labeled 
as milk or cream of a higher grade or designation. 

Regulation 149. Hard. /Statement, Design, Mark, or Device on Label .— 
No word, statement, design, mark, or deviee regarding the milk or cream shall 
appear on any cap or tag attached to any bottle, can, or other receptacles 
containing milk or cream whieh words, statement, design, mark, or device is 
false or misleading in any particular. 

Regulation 150. Tags to be Saved. —As soon as the contents of such con¬ 
tainer or receptacle are sold, or before the said container is returned or other¬ 
wise disposed of, or leaves the possession of the dealer, the tag theriHin shall 
be removed and kept on file in the stor<', where such milk or cream has been 
sold, for a period of two months thereafter, for inspection by the Departs 
ment of Health. 

Regulation 151. Record of Milk or Cream Delivered. —Every wholesale 
dealer in the city of New York shall keep a record in his main office in the 
said city, which shall show from whieh place or places milk or cream, delivered 
by him daily to retail stores in the city of New York, has been neeived and 
to whom delivered, and the said rteord shall be kept for a period of two months, 
for inspeetion by the Department of Health, and shall be readily accessible 
to the inspectors of the said Department at all tim(». 

Marketing different qualities of milk is as reasonable a pro¬ 
cedure as marketing different qualities of other foods. In the 
majority of instances when milk spoils it undergoes a simple 
souring process which does not render it injurious. In fact, sour 
milk of different kinds is known to be consumed as a delicacy 
by many people. Other food substances usually undergo putre¬ 
factive processes which render them unpalatable. When eggs or 
meat spoil, the odor and taste become offensive. As long as part 
of the population has to be satisfied with inferior food there is no 
reason why milk should not be offered in different qualities at 
different prices. But every known method of eliminating infec¬ 
tion should be applied. 

Milk products, chiefly butter and cheese, have suffered from 
lack of control. These products are not consumed as soon as 
milk is, and, therefore, might be more effectively controlled if 
they were not so generally classified with milk as milk products. 

The enormous quantity of milk consumed and the great num¬ 
ber of producers back of this consumption render control difficult 
and expensive because a host of officers is required to effect it. 
As health departments frequently lack funds, they find it extremely 
difficult to exert proper control. 

Furthermore, it must be admitted that scientific methods of 
determining the quality of milk are not only insufficient, but are 
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frequently carried out by inexperienced persons who are unable to 
interpret results. The significance of Bacillus coli, of strepto¬ 
cocci, and of cellular elements can be reasonably interpreted only 
by experts. A variety of problems confront the worker. Is the 
presence of large numbers of bacteria due to early pollution or to 
multiplication during transportation? Are large nmnbers of Ba¬ 
cillus coli in pasteurized milk the result of ineflBcient pasteuriza¬ 
tion, or are they due to the multiplication of a few heat-resisting 
individuals? Does the presence of streptococci mean pus or" 
multiplication of harmless varieties? What is the real significance 
of cellular elements in milk? Is a relatively low fat content due 
to manipulation, or is it a case of dealing with milk from cows 
whose milk naturally yields small amounts of fat? 

Questions of this nature must confront the laboratory worker, 
and to decide the quality of a milk after a single test may result 
in doing an injustice. As many tests as possible should be made, 
and the results correlated, if a real history of the milk is to be 
obtained. If laboratory tests give rise to suspicion that there is 
something wrong with the milk-supply, the inspector’s business is 
to go up-stream, watch the tributaries, and by the use of appro¬ 
priate tests trace the trouble. 

Inspection is an important factor in milk hygiene. It com¬ 
mences in the barn, where the veterinary inspector examines the 
animals for disease. The sanitary inspector looks after cleanli¬ 
ness in methods of milk production, care for the well-being and 
comfort of the cow; he sees to it that the food of the cow is whole¬ 
some; that the utensils in use are of good quality and kept clean; 
that the milk is. promptly cooled; that the bottling machine is 
kept in good condition and that the bottles are clean; that manure 
and other waste are promptly disposed of, and that proper drain¬ 
age takes care of liquid waste. Supervision of equipment and 
methods of production, of conditions during transportation and 
delivery are of as much importance as bacteriologic and chemical 
examination. Laboratory examinations serve as the final control 
and as reliable indicators when one or more links in the chain 
are defective. They are a guide to efficient inspection. 

Milk inspection is all important for milk control. Unfor¬ 
tunately, there are undesirable inspectors. An inspector should 
have some knowledge of chemistry, bacteriology, animal hus¬ 
bandry, diseases of cattle, farm sanitation, and all the practical 
elements that enter into the producing and handling of milk. 
This is not all. He should be a man of personality, who is able 
to impress the producer with his knowledge, and still one to 
approach the dairyman as a kindly and interested instructor 
ratoer than as a police officer. Willi the use of tact on the in- 
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structor'a part the producer—whose sins against sanitary require¬ 
ments are mostly the result of ignorance—can be interest^ in 
his work, and in time will experience a certain pride in his product. 

Sometimes too much is expected of inspectors. Inspection 
goes far toward preventing the entrance of filth and infectious 
matter into milk, but it cannot give positive assurance that the 
milk is both clean and safe. Right at this point bacterial exam¬ 
ination comes in. If, in spite of care on the part of the inspector, 
the bacterial count is not satisfactory, then a close search is to be 
made for the cause of the trouble. As has been pointed out be¬ 
fore, pathogenic bacteria are difficult to find in milk, and there¬ 
fore pasteurization of the product becomes necessary, even when 
inspection is all that can be desired. This does not render inspec¬ 
tion less important, for pasteurization does not guarantee to re¬ 
move filth; it does not guarantee to restore partially decomposed 
milk to its normal condition; it can in no manner atone for slovenly 
dairy habits. These must Ixj corrected by efficient inspection. 
The work of the inspector should l)e suitably organized so as to 
enable him to visit as many dairies as possible without slighting 
the character of inspection. A map of the district, showing the 
location of dairies, wagon roads, railways, and electric roads will 
facilitate the planning of his day’s work. 

Milking operations are the most fruitful source of bacterial 
pollution. The inspector should calculate his visits in order to 
be present at a dairy during milking hours. This cannot be done 
in all cases. The two daily milking periods are about twelve 
hours apart., and it is not possible to be present at them on all 
tours of inspection. It would mean that only two dairies could 
be inspected in a day and would involve a long day, since farms 
to be visited may be far apart. The inspector should contrive to 
be present during milking time once in several visits, and the plan 
of visits should te changed periodically in order that the dairyman 
may have no way of knowing when the inspector is to be expected. 

To supply large communities milk may have to be shipped 
for many miles. Means of transportation are, therefore, of great 
importance. There can be no objection to shipping milk for long 
distances if railway facilities are such as to keep the milk cool. 
Some roads have built cars especially for transporting milk. 
These cars have refrigerator walls, refrigerator doors, and only 
four doors, so as to avoid constant passing to and fro of train 
employees. In summer, heat and dust will not be readily ad¬ 
mitted, and in winter there is small danger of the milk freezing. 
Many of the cars in use at present for milk shipments have thin 
walls, more doors than are desirable, and in some cases offices 
are located in them. In the latter instance heat is supplied and 
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train officials pass through at their pleasure. The temperature 
in these cars fluctuates and more or less dust and dirt is admitted. 
As properly constructed refrigerator cars become more common, 
milk will keep well during transportation over long distances. 
Not only is refrigeration insufficient at the present time, but, in 
addition, milk trains are usually run on slow schedule, and im¬ 
provement in this respect is desirable. Ice can be furnished in 
milk cars at small cost, not to exceed A cent per qua,rt. of milk. 
To correct the evils of milk transportation cars should be inspected 
and the service controlled by proper legislation. 

The reports of inspectors should be submitted to an inspector- 
in-chief, whose knowledge and experience in the work should 
enable him to eliminate the personal equation, and who, by com¬ 
paring the data with earlier records, can judge of improvements in 
the inspected dairies. An improved product is the best evidence 
of efficient dairy inspection, not the number of prosecutions scored. 

As a guide for dairy inspectors the score card is coming much 
in favor. Several types of cards have been designed, since the 
idea of scoring by means of a card was introduced by Dr. Wood¬ 
ward. The card was subsequently modified by Pearson, and in 
1908 a committee of the Official Dairy Instructors’ Association pre¬ 
sented a card which is the one most commonly used at present. 
It is desirable that the same card be used universally to render 
results comparable. 

The Association score card is divided into two parts—equip¬ 
ment and methods. A perfect equipment counts 40 points and 
perfect methods 60 points, making a total of 100 points for a per¬ 
fect dairy. Other cards have 200, some 500, points for perfect 
scores. The following is a copy of the Association card: 

(United States Department of Agriculture, Bureau of Animal Industry, 
Dairj' Division.] 

SANITARY INSPECTION OF DAIRIES 
Daibt Scohe Caed 

Adopted by the Official Dairy Instructors’ Association 

Owner or lessee of farm. 

P. 0. address.State. 

Total number of cows. Number milking. 

Gallons of milk produced daily. 

Product is retailed by producer in. 

Sold at wholesale to. 

For milk-supply of. 

Permit No. Date of inspection., 191.. 

Remarks. 


(Signed).; 

Irupmor. 

The form here given is that revised in February, 1910. 
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{Back otni) 
DETAILED SCORE 


Equi^&c&t. 


H«Utb 


cows. 


Apparaotly ia good health I 

If tested with tubercuhn once a year and 
Btf tuberculosis is found, or if tested 
once in six months and all reacting 
animals removed . 5 

(If tested only once a year and reacting 
animab found and removed, 2 ) 

Cmnfort. 

Bedding. I 

Temperatiue of stable 1 

Food (clean and wholesome) 

Water . 

Clean and fresh.. I 

Cravement and abundant.. I 


STilBLSS 

Location of stable.. 

Well drained. 1 

Free from contanunatmg surroundings 1 
Construction of stable 
Tight, sound floor and proper gutter 2 
Smooth, tu^t walb and ceiling I 
Ihropa stall, be, and manger I 

light: Four sq. ft. (rf glass per cow 
(Three sq ft, 3; 2 sq. ft., 2. 1 ap ft 1 
Deduct few uneven distribution ; 
VentilatKMi: Automatic system 
Adjustable wmdovre 1 

Cubic feet erf q^ce for cow 
500 to iOOO fMt 

(Leas than 500 feet, 2 less than 400 feet, 
1; less than 300 feet, 0; over 1000 feet, 0 i 

rrxNSiLS. 

Constnictioii and condition of utensib 
Water for cleaning 
(Clean, eonvenient, and abundant) 
fWli-top miOcing pail 
Facilities for ^ water or steam 
(Should be in milk bouse, not in kitchen.) 
Milk cooler.... 

Cleaning miHfing suits ... 

iinjc nooK. 

Location of milk room. 

Free from <»Dtanimating surroundings 1 

Convenient. ... 1 

CoDstruotion erf milk room .. .. 

Floor, waUa, and ceiling.1 

Li^t, ventilatioo. screens.1 

Total. 


Score. 


Boon, 



Methods. 


cows 

('leanliuesB of cows . 

STARUBS. 

CleaulinesB of sUbles 
Floor .2 

Walb .. 1 

Oiling and ledges I 

Maugem and partibons 1 

Wmdows 1 

Stable air at milking tunc ... 
Barnyard clean and well draincti 
Removal of manure daily to field (w proper 

pit . _ 

(To 50 feet from sbdilc, 1.) 

MILK RCKIIL 

Clcanhnen of milk room .. . 

imNBIia AKD MILKING. 

Care and cleanliness of utonsib 
Thoroughly washini and sterilised in 
bve steam for 30 minutes . 5 

(Tlioroughly washed and placed over 
steam jet. 4; Biorouglily washed and 
scalded with boiling water, 3; thoroughly 
washed, not scaldea, 2.) 

Inverted in pure air .. 3 

CleanlinesB of milking 
('lean, dry hands 3 

I'dders washed and dried . 6 

(Cdders cleaned with moist cloth, 4; 
cleaned with dry cloth at least 15 minutes 
befewe milking, 1.) 

HANDLINO YUK MILK. 
C'leanlinesB of attendants 
Milk remo>'ed immediately from stable . 
Pranpt cooling (cooled unmedutely after 
milking each cow). .... 

Efficient cooling: below 60** F. (61” to 55”, 
4; 66” to 60”, 2.) 

Sto^e; ImIow 5()° F... 

(5? to 55”, 2; 56” to 60”. 1.) 

Transportation, iced m summer. 

(For jadeet or wet Irfanket. allow 2; dry 
Ua^et or covered wagon. 1.) 


ToUl... 



Equhxoeat.- .+methods. .final score. 

Non l.-'lf any filtlqi coiufiboD is found, partiealariy d^ ntemik the total nnwe shall be Ibiuted to 40. 
Non 3.—If the water u expoeed to dangerous ecmtaminaUoo or tiiere is evidence of the presence erf a 
dangecotts disease in or attendants, the score shaU be 0. 


Dairy score cards are of relatively recent origin and, there¬ 
fore, are imperfect. As a rule, they do not emphasize methods 
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sufficiently. Excellent milk can be produced by good methods 
with relatively poor equipment, but good milk camiot be pro¬ 
duced by poor methods in spite of fine equipment. Therefore, 
though a good equipment must receive due credit on a score card, 
methods ^ould be emphasized more than they have been in the 
past. 

There has been some discussion as to the relation the score 
of a dairy bears to the bacterial count of the product. It is 
obvious that there must be some relation, because milk from a 
filthy dairy with a low score for both equipment and methods 
naturally would contain more bacteria than milk from a dairy 
with a high score. On the other hand, it cannot be expected that 
there be a close relation. Brew, in an investigation of the rela¬ 
tion of score and bacterial counts in milk, has found that milk 
with relatively few bacteria was produced with poor equipment, 
and with good equipment milk rich in bacterial content was 
mrmlirms produced. This implies a criticism of modern score 
cards which has been mentioned before, namely, that methods 
are not receiving the recognition they merit, while equipment is 
somewhat overrated. Perhaps, if methods occupied a relatively 
large space on the score card, a relation between filthy dairies and 
bacterial counts would become plainer. However, when a large 
number of bacterial counts and the corresponding scores are tabu¬ 
lated, some sort of relation becomes evident. Lane, Harding, 
and Gamble have shown this by a comparison of 1392 counts of 
bacteria from 484 dairies supplying a city of 100,000 population. 
The data are as follows: 

No. of datriu. Score Average count. 

47 Ovtf 80 25,000 

46 71 to 80 98.000 

334 61 to 70 352,000 

711 SO to 60 470.000 

254 Below SO 666.000 

A similar view is taken by Kelley, who has expressed his e.x- 
perience in the following words: “It is true that they (the score 
card and the bacterial count) do not always jibe; furthermore, 
I am not sure that it is desirable to do so. We often find a man 
who, because of an exceptional personality, will, with poor equip¬ 
ment, still keep the bacterial count of his product at a low figure. 

. . . Unquestionably, there are instances where a high score 
may obtain with a high bacterial count, and vice versa, but 
observation of many farms throughout the country has demon¬ 
strated that, as a rule, good conditions on a farm will make for 
s low bacterial count, and average bad conditions for a high 
bacterial count.” 



THE copsoL or Mnjt-fiUPP uiB 555 

Score cards have become of special value in preserving records 
of previous inspections. Comparisons show plainly whether a 
dairy has progressed. What was considered clean a short time 
ago is below the present standard, since one of the objects of in¬ 
spection is the raising of standards. Furthermore, the chief 
supervisor can check up the work of inspectors by means of the 
score card. 

The inspector is told by the score card what to expect; he can 
neglect no important points if the card is before him while he is 
at work; and it gives him ample opportunity to consult with the 
dairyman and win his interest in the work. The producer learns 
from the score card what to do, and receives tacit assurance that 
favoritism is not likely to occur. The score card has proved 
valuable by creating a rivalry among producers, ejich one working 
for a higher score than his neighbor has attained. Poor dairies 
and those producers who are unwilling to improve are weeded 
out, with the result that progress is encouraged. 

Some large dairies have profited greatly by the introduction 
of the score card sy.stem. They are able to select the best 
dairies for their supply and improve their output. By offering 
financial advantage for high scores much has l)een accomplislied 
in inducing the producer to furnish a cleaner product than 
heretofore. 

In large cities milk is now sold in bottles, except for wholesale 
trade with large institutions. There is, however, a considerable 
quantity of milk sold from cans, especially in small places. Gro¬ 
cery stores frequently sell milk in bulk in any desir^ quantities. 
This is a boon for poor people who are limited to a few cents of 
milk at a time, as the price of bulk milk is somewhat lower than 
that of bottle milk. However, there are serious disadvantages to 
milk sold in bulk. The first customers may get richer milk than 
the last ones, if the milk is dipped from the top of the can; or if 
the can has a faucet at the bottom, the last customers may get 
the best milk. Danger of odor absorption is coupled with store 
selling of bulk milk and the chances of infection are naturally 
multiplied. Therefore store bulk milk requires supervision. The 
score card for rating stores as published by the Department of 
Agriculture is shown on page 556. 

The score card system has proved so successful in rating 
dairies and stores that supervision of milk depots, creameries, 
and pasteiuization plants has been undertaken, l^e forms in 
use by the Health Department of the City of Chicago are shown 
in Figs. 222-229. 

At present all these cards are in a stage of evolution; that is 
to say, they are not perfect. They will be perfected in time as 
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(United StiUi Department of AEricuItuie, Bureau of Animal Induatiy, Dairy DniaoaJ 
BANITABY INSPECTION OF STOKES HANDLING BULK MUK 

C^ierator:-. Addreea;-. Galione aold daily:-. Penuit No.-. Date :.. 

(Signed) — ■ - -- . Irupteior* 

(Back of card.} 

DETAILED SCORE 


Equipment. 

. .. i 

j Score. 

Methods. 

Score. 

Perfect. 

1 

< 

Perfect. 

Allowed. 

Building: 




Building: 



Location: Free from contammatiotr sur- 



Cleanliness. 

10 


rouadioKii — 


2 


Floor ... . .. 3 



Separate room for milk handling . . 


5 


Wall .... .... 2 



ConebruetioD.. ' 


8 


Ceiling. 2 



Floora, tif^t, smooth, cieanablc 

1 



Show cases, rfielvee. etc.3 i 



Walls, tight. smooUi, clednable 

1 



' Freedom from flics 

3 


Ceilings, tight, smooth, cleanabie 

1 



Freedom from rubbish .... 

2 


Show oases, smooth, free from ledges 




Air . 

4 


and crevices. ... 

1 

1 


F'reedom from dust . .2 



Proviirion for light (10 per cent, of 




Freedom from odors 2 



fioor space) 




Utensils . 

20 


Provision for pure air .. . 

1 



Thoroughly washed and rinsed 10 



Horeens. 

2 



Steamed. .10 



Utensib. 


15 


(Scalded. 5.) 



Construotitm: Eaiuly cleaned; free from 




ice-box; 



open Mtamfl and complicated parts. 

5 



CleanlmesB of ice-box 

3 


CooditioD; Free from rust, dents, etc.. 

2 



Handling: 



Facilities for cleaning: 




Placed on ice as soon as received. 

5 


Water, clean, oonvenient. and abun* 




(Protected, put on ice inside of an 



daut. 

2 



hour. 2.) 



Hot water ot steam . 

3 



(Unprotei^ted, but put on ice iniude of 



Brushes uid washing powdor_ 

1 



an hour. 1.) 



Protected from dies ana dust when not 




Temperature of milk, below 60* F. (61*- 



in use . 

2 



M*. 8; 56*-fl0*. 5; 61*-66*, 2). 

10 


Ice-boa. 


10 


Freedom from undue exposure to air.. 

2 


Heparate iee-box for milk.... 

5 



Cleanliness of attendants . 

1 


(Milk kept in separate compart- 







meat, 2.) 







Construotiim. 

3 






Tight and cleanabie . . 

1 






Non-absorbent Iming . 

1 






Good drainage... .... 

1 






Protected from flies and dust . . 

2 






Tot»l. . .. 


40 


IVital. 

eo 



Equipmait. + Methods.« Tota . 

Note.— If tbh oonditiona in any particular are so ezeeptionaUy bad ai to be inadequately ca p re awd 
by a score **0." the inspectw can make a deductum from the total score. 

experience accumulates and as inspection is entrusted to expert 
hands. 

Milk-supplies may be controlled by federal, state, or municipal 
authorities. Federal control affects only interstate shipments, 
but the research of federal laboratories has contributed to our 
knowledge. Federal oflBcials have given substantial aid by their 
collaboration with state and municipal authorities. Inspection 
of dairies is carried out chiefly by state and municipal authorities. 
Theoretically, state inspection is to be preferred to munidpal 
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inspection. Stete control imposes the same conditions on all 
the producers in the state. If municipalities determine the con¬ 
ditions of milk-supplies it sometimes becomes awkward for a 
producer who furnishes milk to different cities. Requirements 
may vary, and while his milk may be satisfactory in one place, 
it may fail to comply with the ordinantjes of another. Besides, 
the same producer may subjected to the visits of two or more 



Fig. 224. 


inspectors, a circumstance leading to further confusion. Such 
conditions are exemplified in a statement made by Brown, namely, 
that in a section of New York State the producer is subject to 
inspection and regulation from New York City, Newark, Mont¬ 
clair, and Orange, while the New York milk-shed overlaps that of 
Syracure, Albany, Boston, Newark, and Jersey City. Milk pro¬ 
ducers are certainly discouraged when pxuaued by such diversified 
“control” and cannot be blamed for protesting against it. If a 
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Rg. 226. 



Fig. 225A. 
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Fig. 226A. 
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dealer does business in several places, he may have to procure 
several licenses. 



Fig.227A. 


On the other hand, it has happened that state legislation has 
interfered with municipal control in favor of the producer. The 
result has been an invalidation of city ordinances, with direful 
results. In Chicago an ordinance existed permitti^ the sale of 
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raw milk obtained from herds free from tuberculosis as shown by 
the tuberculin test. All other tnilk was to be pasteurised. A 



Rg. 228A. 


state law was enacted which forbade the enforcement of tuber¬ 
culin testing, and the only resource the city had was to substitute 
a general pasteurization ordinance. Such complications are un- 
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fortunate and bound to retard the movement for Safe and clean 
milk-Bupplies. 

As a general rule, legislation should be conservative and 
should not impose undue hardships upon producers by attempting 
too much at a single step. A millc famine may result, and opposi¬ 
tion is bound to follow radical legislation. The most progressive 
dairies are usually in advance of regulations which have for their 
purpose the controlling of supplies furnished by dealers whose 
object is evasion of the law rather than the production of a sani¬ 
tary milk. 



Fig. 229. 


It is unfortunate that the various states and municipalities 
have enacted legislations which clash. It is true that conditions 
are unlike in different places, and that legislation must take 
cognizance of this fact. It is for this reason that Federal control 
of milk-supplies is not favored by some who have studied the 
problem. Harding, for example, states that “because of the 
extent and diversity of our country and because of the limitation 
of our knowledge of the factors involved Federal regulations uni¬ 
formly applicable are difficult if not impossible.” 

Brown has made an extensive study of municipal milk regula¬ 
tions, and found that a surprising diversity of demands existed. 
Among the ordinances studied, he found the foflowing curious 
facts: 
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It«m. 

Milk standards' 

Ptf cnit. agree. 

Number of oUea 
included in 

Nuffibw of not 

analyia. 

ably no requirementa. 

Water . 

27 

9 


TotiU aoiids . 

27 

9 


not fat. 

57 

9 


Butter^at. 

20 

14 


Temperature of milk. 

42 

14 


Bacteria standard. 

PasteunaattoD: 

20 

s 12 

5 

Tonperature (beatinR) . 

75 

8 


‘Hme of bolding. 

40 

8 

9 

Air space pt? oow. 

24 

7 

10 

light per cow ... 

7 

s 


Ventilation .. 

25 

8 


Milk house required ... 

100 

9 

8 

Floors of cow stabks. 

41 



Cow beds 

I 



Washing facilitKa for milkers 

100 

7 


Manure; dutance from liani 

35 

6 

11 


Jordan also reports discrepancies in milk reRulations of dif¬ 
ferent municipalities, and draws attention to the crude wording 
of some of them. The author states as his opinion that “the 
problems of sanitary administration in a large city are of quite a 
different nature from those in small towns or thinly populated 
districts, and it is certain that general state regulations applying 
to the latter group will often not fit the needs of the former.” 

Melvin and Alsberg have recognized the necessity of uniform 
legislation, and have worked out a model ordinance in such elastic 
shape that it may serve as a guide for the enactment of local 
legislation. This is an important contribution, and a copy of 
this model ordinance follows: This ordinance, according to the 
authors, covers (1) Fraud, (2) disease, (3) cleanliness in the 
production and handling of milk. It is reasonable and does not 
work hardship on the dairy industry, as such a law would never 
be successful. 

FORM OF ORDINANCE. AN ORDINANCE TO REGULATE THE 

PRODUCTION AND SALE OF MILK AND CREAM, AND FOR 

OTHER PURPOSES 

Be it ordained by the - of the city of -, That for the purp^ 

and within the meaning of this ordinance, (a) “milk" is the lacteal secretion 
obtained from the complete milking of cows; (6) "skimmed milk” is milk from 
which substantially all the milk-fat has been removed; (c) “certified milk” is 
milk produced and bandied in conformity with the “Methods and Standards (at 
the Production and Distribution of Certified Milk,” adopted by the American 
Association of Medical Milk Commissions May 1, 1912, and amendments 
thereto, in effect at the time of production, and certified to by a milk com¬ 
mission constituted in compliance therewith; (d) “grade A milk” is milk pro¬ 
duced from healthy cows, as determined by the tuberculin test and physical 
examination within not exceeding one year previously by a qualified veteri¬ 
narian, from dairies that score not less than-on tne dairy-farm score 

card in current use at the time by the United States Department of Agri¬ 
culture, which milk shall not, at any time, contain more than-bac¬ 

teria per cubic centimeter; (c) “made B milk” is milk produced from healthy 
cows, as determined by physical examination within not exceeding one year 
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previously by a qualified veterinarian, from dairies that score not less tlian 

-on the dairy-farm score card in current use at the time by the United 

States Department of Agriculture, which milk shall not, at any time, contain 

more than -bacteria per cubic centimeter; (f) “pasteurized milk” is 

milk which has been heated to, and for at least 30 minutes held at. a tem¬ 
perature of approximately 145°. never less than 142° F.; (g) “cream’’ is that 
portion of the milk, rich in milk-fat, which rises to the surface of the milk 
on standing, or is separated from it by centrifugal force, and containing not 

less than-per cent, of milk-fat: (A) “homogenized” or “emulsified” 

milk or cream is milk or cream which has been subjected to the mechanical 
process of homogenization or of emulsification, as the case may be; (i) “un- 
sterilized containers” are containers which either have not been subjected to 
moist heat at a temperature as high as 205° F. for two minutes or longer, or 
do not comiily with such alternative requirements, to be prescribed by the 
regulations made pursuant to this ordinance, as may be necessary to effect 
sterilization thereof; and (j) “person” imiHirts both the plural and the singu¬ 
lar, as the case demands, and includes corporations, partnerships, societies, 
and associations. 

When construing and enforcing the provisions of this ordinance, the 
act, omission, or failure of any officer, agent, or other person acting for or 
employed by any individual or by any corporation, partnership, society, or 
association, within the scope of his employment or office, shall in every case 
be also deemed to be the act, omission, or failure of such individual, corpora¬ 
tion, partnership, society, or association, as well as that of such officer, agent, 
or other person. 

Sec. 2. That no person shall sell or deliver for consumption as milk or 
cream or have in his possission with intent to sell or deliver for consumption 
as milk or cream either— 

(а) Milk or cream to which water or any foreign substance has been 
added; or 

(б) Milk containing leas than ——— per cent, of milk-fat or less than 

-per cent, of solids not fat, or cream containing less than-per 

cent, of milk-fat, unless such milk or cream is plainly and conspicuously la¬ 
beled “Subnormal,” together with a statement showing the actual per cent, 
of milk-fat contained therein; or 

(c) Skimmed milk which has not been pasteurized, or made from pas¬ 
teurized milk, or which ia'not labeled “Skimmed Milk”; or 

(d) Milk or cream containing, or which has been exposed to, any dis¬ 
ease-producing bacteria; or 

(e) Milk or cream the container of which is labeled or branded so as to 
mislead or deceive the purchaser; or 

(/) Milk or cream produced from diseased cows, or from cows during 
the period of fifteen da^ preceding parturition or within such time there¬ 
after as the milk is abnormal, or from cows which have been fed unwhole¬ 
some food or have had access to contaminated water; or 

(g) Milk or cream which falls below the requirements of Grade B, as 
definra herein, or milk or cream which has been produced, stored, handled, 
or transport in any unclean or insanitary manner: or 

(A) Milk or cream the retail, or the final, container of which does not 
bear a plain and conspicuous statement showing the kind and grade as herein 
defined; or 

(t) Milk or cream in unsterilized containers; or 

(i) Milk or cream which such person has kept at a temperature higher 
than 50° F.; or 

(A) Grade B milk which has not been pasteurized; or 

(1) Homogenized milk or cream, or emulsified milk or cream, unless it 
is plckiniy and conspicuously labeled “Homogenized” or “Emulsified,” as the 
case may be: or 

(ra) Milk which has had the cream line increased by any artificial means. 

Sec. 3. That nothing in this ordinance shall be construed to prohibit 
the sale, when labeled so as to show its true character, of either (a) sour milk 
at sour cream; or (5) buttermilk, or any similar product made from pastemv 
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ized milk or cream; or (c) modified milk if made from milk or cream equal at 
least to Grade B. 

Sec. 4. That no pereon shall sell or deliver, or have in his possession 
with intent to sell or deliver, for consumption as milk or cream, any milk or 
cream without a permit from the board of health of-, 

Sec. S. That the board of health of - is autboristnl to make such 

regulations, from time to time, as arc necessary for the efficient execution of 
the provisions of this ordinance, and to issue permits to sell and deliver 

milk or cream in-. The board of health, after affording the permittee 

an opportunity for a hearing, may suspend or revoke any permit issued by 
it under this ordinance whenever it shall determine that the permittee has 
violated any of the provisions of this ordinance or of the regulations made 
hereunder, and, without affording such opportunity, may suspend such a 
permit temporarily whenever it deems necessary. 

Sec. 6. That the board of health of - , its members, officers, and 

agents, shall, at all reasonable times, have access to any dairy or any other 
place where milk or cream is produced for sale: to any wagon, truck, train, 
car, warehouse, or station in which milk or cream for sale is being transported 
or is being held for transportation or delivery; and to all establishments, 
plants, depots, or stores where milk or cream is kept or stored for sale. Any 
person who hinders or prevents such access shall be guilty of a violation of 
this ordinance. 

Sec. 7. That any pnidiiccr, handler, or seller of milk, or cream, whether 
principal, agent, or employee, who, on demand, refuses b) sell or deliver a 
sample, not to exceed one pint, of milk or cream in his isrsscssion to any 
official designated by the board of health to collect samples, shall be guilty 
of a violation of this ordinance. 

Sec. 8. That any person violating any of the provisions of this ordi¬ 
nance shall, on conviction by any court of competent jurisdiction, be jiun- 

ished by a fine of not more than-dollars, or by imprisonment of not 

more than-, or by both such fine and imprisonment, in the discretion 

of the court; and for each subsequent offense, and conviction thereof, shall 

be punished by a fine of not more than-dollars, or by imprisonment of 

not more than-, or by both such fine and imprisonment, in the discre¬ 

tion of the court. 

A system of licensing milk dealers has been in vogue in many 
cities, and may be regarded as the first attempt to control milk- 
supplies as well as many other lines of business. It is proper 
that the sale of an important food product should be subject to 
license, but the license fee need not be large. The object is to 
enable health departments to catalog dealers and reach them with 
a view to controlling their supply. All dealers should be licensed, 
no matter how insignificant their business. The scord care is of 
considerable usefulness in passing judgment on the merits of an 
applicant for license. Under a license system it is possible to 
keep track of each individual milk dealer, of the quality of the 
milk he furnishes, of the condition of the herds from which the 
milk is drawn, and, finally, a list of customers can be obtained to 
refer to in case an epidemic breaks out. Licenses should be re¬ 
newed annually. 
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THE ECONOMIC ASPECT OF MILK PRODUCTION 


The cost of cleanly milk production is necessarily greater 
than that of indifferent production. A larger investment is re¬ 
quired to build sanitary stables than to build ordinary bams; 
good utensils are more or less exf)enaive and intelligent help re¬ 
quire good wages. It takes time to clean stables, to curry the 
cows daily, to remove manure frequently, to promptly cool and 
bottle milk, and the time required for these activities calls for 
additional labor and recompen.se for the .same. The milk producer 
is a hard-working man who milks the cows twice daily, including 
Sundays and holidays, and he expects a fair profit for his work. 
The extra expense involved in clean milk production can be offset, 
in part at least, if con.sumer, producer, and middleman will do 
their .share. There are !it least four ways in which to meet this 
problem; 1, By increasing the price paid for milk; 2, by increasing 
the productivity of herds; 3, by the sale of by-products; 4, by econ¬ 
omy in distribution of milk in cities. 

1. The public should l)e willing to pay a higher price for a 
better product. It is a strange anomaly that increase in the price 
of other food articles meets with little antagonism, while agitation 
against a higher price for milk is usually intense. And this is 
in .spite of the fact that milk is by far the cheapest, kind of food. 
This attitude of the public and of the newspapers is to lx; deplored, 
since it discourages improvement in milk-supplies and encour¬ 
ages the sale of [loor milk. When health departments demand a 
cleaner milk the producer must either become a philanthropist 
or go out of business. This condition is one of the greatest olv 
stacles to rapid improvement in the quality of milk. The con¬ 
sumer places the blame on the producer, and the producer blames 
the consumer. Success is assured only with their combineil efforts. 

It is not sufficient for health departments and legislators to 
enact legislation, but education of the public must be undertaken. 
It is relatively easy for the layman to distinguish between spoiled 
and good meat, between old and fresh vegetables; in short, to 
judge the quality of most foods. But it is impoasible for the un¬ 
trained observer to distinguish good milk from milk of inferior 
quality. If the consumer demands a clean and safe product and 
is willing to pay a fair price for it, he can have it. The apathy 
of the public is well illustrated by the relatively small number 
of requests made upon public health laboratories for examination 

sao 
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of milk samples. James O. Jordan says; “ . . . While laws 
and regulations may insure sanitary surroundings for all milk 
produced, they unfortunately do not guarantee that any milk 
will be raised at all. It would be as sensible to attempt to legis¬ 
late that gold should be sold at the price of scrap iron, as to as¬ 
sume that legislation will give us clean milk while we are piu- 
chasing that commodity upon a dirty milk basis.” 

An increase in price, sufficient to insure fair profit, is an ef¬ 
fective means of stimulating production of good milk. Harding 
and Brew have studied this subject, and have come to the con¬ 
clusion that at present the wholesale price of milk is not high 
enough to yield a satisfactory profit to the producer, and that, 
consequently, the cheapest milk acceptable to the market is 
supplied. If the wholesale price were raised to a figure which 
would make good milk more profitable than poor, the production 
of good milk would he encouraged. Harding and Brew state 
that in the city in which they collected data the wholesale price 
of milk was increased | cent per quart as the product advanced 
from a medium to a good grade, or from a good grade to an ex¬ 
cellent one. Tabulation gave the following results: 

September, 1907—good milk, t> per cent.; medium, 57.5 per cent.; 
poor, 37.5 per cent. 

March, 1911—excellent milk, 12.8 per cent.; good, 87.2 |)cr cent. 

January, 1913—good milk, 18 |)er cent.; medium, 82 per cent. 

Under the influence of the financial stimulus, the extraordinary 
improvement from Septemlier, 1907, to March, 1911, took place. 
During the next two years there was a falling off in quality, which 
the authors ascribe to a change in inspectors. The new inspectors 
were not competent, and the scores remained constant in spite of 
the fact that the producers liecame negligent. There had been 
no change in the city ordinance, but the new inspectors failed to 
stimulate the producers to keep up the quality of their product, 
so the general supply suffered. The retailers were bound by 
contract to pay a certain price based on the official score card 
rating, and, although they recognized the deterioration in quality, 
they had no legal reqpurse. 

The authors studied the problem for five years, and believe 
that fanners will produce any grade of milk that is desired if the 
production is rendered profitable. “Under present conditions 
there is a demand for milk for three distinct purposes: for the 
feeding of infants, for use by adults at the table, and for cooking. 
The simplification of the municipal milk problem lies along the 
line of defining and establishing commercial grades of milk which 
shall correspond to the market demands.” An ordinance in New 
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York City has actually provided for grades of milk on a similar 
basis. 

The profit of the middleman should also receive due considera¬ 
tion. The quantity of milk sold fluctuates from day to day and 
from season to season, and since milk is a perishable product, 
any surplus must be used for some other purpose or it will go to 
waste, and this after the expense of bottling, icing, carrying, 
etc., has been incurred. The profit made on butter churned from 
surplus milk is consequently small. 

But the middleman can also effect a saving of milk by using 
proper methods, especially when milk is sold from cans. The 
careless manner employed in dipping milk causes some of it to 
drop on the floor or the outside of the can, and this is a total loss, 
of course. Lane estimates that when one-half of the milk is sold 
by dippage, 10 per cent, of the amount handled is lost. 

The consumer can aid the producer in properly caring for 
empty Iwttles. The bottles should be cleaned first with cold 
water and then with hot soapsuds. They shouhl be returned in 
good condition and never u.sed for purposes other than holding 
milk. The average life of a bottle is variously stated to be from 
eight to fifteen deliveries. With due care on the part of the con¬ 
sumer its period of usefulness can be lengthened considerably. 
Williams states that the loss due to lost or broken milk bottles in 
Rochester, N. Y., is at least S10,000 a year. Every dairy has a pile 
of broken milk bottles which represent considerable loss, whether 
the breakage Iw due to accident or abuse of the bottle. The shape 
and wide mouth of the milk lM;)ttle apf)eal to the householder so 
strongly that it is not surprising to find it in use at canning time, 
or for holding paint and varni.sh in housecleaning time. As 
many of the purposes to which the handy milk l)ottle are put 
render it unfit for further milk distribution, it may represent an 
almost total loss. The solution of the problem will possibly be 
found in the use of pulp Iwttles. These are used but once for 
milk distribution and are cheaper than glass bottles; they do 
away with the expense of cleaning, they weigh less than glass 
bottles, thus facilitating transportation; and they do away with 
the possibility of disseminating disease through returnable glass 
bottles. 

2. With reference to what the producer can do to increase his 
profit, a large field, but one poorly understood by the majority 
of farmers, presents itself. Marshall says: “If one were to make 
a close investigation with the idea of determining how many 
farmers are capable of producing milk profitably and in a pure 
form, I am certain it would be found that less than 1 per cent, 
could fulfil the requirements. A man capable of producing milk 
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that will answer the requirements of the sanitarian is an unusual 
aftricultural man and fit for success in almost any profession. He 
must be a thoroughly capable man, and, being a capable man, of 
course demands a fitting remuneration. His profession and him¬ 
self are too little appreciated by society and scientific men.” The 
farmer must know how to treat cows; how to breed sufficiently; 
must feed them properly and economically; must see that the 
pasturage is free from plants which may impart undesirable flav¬ 
ors to milk. Abnormal conditions of animals and many other 
things must lie thoroughly understood by him to make dairying 
a success. When he has learned to produce sanitary milk and is 
obtaining a fair price for it, some other producer may enter the 
field of competition and offer a cheaper and poorer grade of milk. 
Thus the diflSculties of the milk producer multiply. 

Formation of a profitable dairy herd is essential and requires 
study and circumspection. Cows have different characteristics; 
some produce large quantities of milk, others less; some produce 
milk rich in fat, others produce milk poor in fat; some can forage 
on poorer pastures than others. If the milk is intemled for direct 
consumption, a herd composed of cows producing milk with high 
fat content is not as advantageous as one containing some large 
producers. For creamery purposes milk rich in fat is more suit¬ 
able than milk poor in fat. The farmer must choose in which 
line he is chiefly interested before beginning to raise a herd. 

Lane mentions the following breeds of cows as most desirable 
for dairy purposes: 

Ayr shires .—They are able to obtain sufficient food on rough 
and poor soil and are hardy enough to stand all kinds of 
weather. Still they yield large amounts of milk. Lane quotes 
an example of a herd of Ayrshires which averaged 6407 pounds of 
milk per cow annually for a period of nineteen years. The aver¬ 
age percentage of butter-fat is 3.8 per cent., varying from 3.5 
to 4 per cent. The fat globules are small, even in size, and do 
not separate easily. Ayrshire milk is, therefore, better adapted 
for milk trade than for making butter. 

Guernseys .—The home of this breed is on the island of Guern¬ 
sey. They produce a large amount of butter of rich, golden- 
yellow color, and a rich appearing cream and milk. The Guern¬ 
sey milk is, therefore, highly prized by consumers. A Guernsey 
cow produces 5000 to 6000 pounds of milk annually. 

Hdstein-Friesians .—This race originates in North Holland and 
Friesland. They are large animals, black and white, have large 
udders, and produce large amounts of milk. Herds may average 
8000 or even 10,000 pounds of milk a year from each ahim^. 
The fat content is low and the globules are small. 
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Jerseys .—The home of this breed is the island of Jersey. They 
are small, delicate, gentle, but nervous animals. They produce a 
milk rich in butter-fat, the average being alwut 6 per cent., al¬ 
though some individuals produce milk still richer in fat. The 
color of the milk is rich and the globules are large. They are, 
therefore, good butter producers. 

Brown Swiss .—This is a favorite breed in Switzerland, but is 
scarce in this countrj'. They are strong, muscular animals, able 
to produce 6000 pounds of milk with 3.5 to 4 per cent, butter- 
fat. 

Dei'ons. —The.se cows come from Devonshire in southwestern 
England. They are a hardy race, thriving on poor pastures and 
able to live in hilly and mountainous countries. They yield 
about 4000 pounds of milk of moderately rich quality. 

Dutch Belted .—Thus race is also at home in Holland. The 
animals are hardy and vigorous. One herd, according to Lane, 
averaged 5840 pounds iier cow in a year. 

Shorthorns.—OriginaWy this is a l)reed of beef producers, but 
the cows .are also used for milk production. The best herds 
average 6000 to 7000 pounds of milk with 3.75 per cent. fat. The 
globules are of medium size and very uniform. The cream 
separates readily. 

Polled Dtirhams. —The.se cows are similar to Shorthorns, but 
are hornless. 

Red Polls .—They are hornless, of medium size, and produce a 
fair amount of milk of moderate richness. The fat percentage is 
3.75. Select herds yield 6000 to 7000 pounds of milk. 

A dair>' herd may te formed by breeding or by purchasing 
animals. When formed by purchase there is constant danger of 
introducing disease into a healthy herd. This is a serious dis¬ 
advantage. There is the addetl disadvantage that, as a rule, poor 
bulls will lie coupleil with cows of such herds, and as a result calves 
with only meat value instead of good milk producers will be borne. 

Breeding as a means of building up a herd requires much at¬ 
tention, but is usually considered the safer and more profitable 
method. The herd is started with a few select animals and a 
good bull chosen. “The bull is half the herd” is a common ex¬ 
pression, and it is no doubt true that the productivity of the herd 
depends largely upon the kind of bull used. Breeding a good bull 
with recognized breeds of milk cows results in building up a pro¬ 
ductive herd, and the calves from such herds have more than 
mere meat value. As Winkjer says: “If the best bulls were used 
to their full capacity in pure-bred herds, and if only good bulls 
were used in the ordinary herds, the income from the dairy busi¬ 
ness could be vastly increased.” And further: “The influence of 
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the bull in the herd will be noticeable for many generations." 
The same author states that in one herd “14 out of 16 daughters 
excelled their dams, the average increase being 30 per cent.” 

In m(«t herds as they exist at present there are cows that 
produce larger amounts of milk than others. The importance of 
eliminating poor producers and replacing them with better ani¬ 
mals is not widely recognized by herd owners. The correct method 
of separating cows according to their relative milk producing 
ability is to weigh the amount of milk produced and to make 
butter-fat tests at regular intervals. The common method of 
guessing at the quantity and quality of milk is entirely unreliable 
and misleading. Fraser has published results of a comprehensive 
study on this subject. He speaks of “Uncle Sam’s Three Herds 
of Dairy Cattle.” The poorest of the three herds produced 3654 
pounds of milk and 134 pounds of fat annually, each cow lacking 
$7.25 of paying for her board. The middle herd averaged 5000 
pounds of milk and 198 pounds of butter-fat. The annual profit 
of the middle herd was $7.85. The best herd averaged 6765 
pounds and 278 pounds of fat, with a profit of $26.82. Extending 
this classification over the United States it may be assumed that 
each of these three herds contains 7,000,000 cows. If the aver¬ 
age number of cows for each herd in the country is placed at 30, 
this would represent more than 230,000 herds. It requires 230,- 
000 fanns, buildings, and equipment to care for these herds. While 
the poorest herds lose $50,000,000 annually, the best herds make 
a profit of $177,000,000. Thus there is a great amount of labor 
lost. If a cow does not produce 4000 pounds of milk and 160 
pounds of fat annually the owner loses money. Fraser quotes 
examples of 6 herds which received no special attention as to grad¬ 
ing of cows and 6 herds in the same locality which were raised 
by breeding with a pure bred sire. The former group of herds 
yielded 175 pounds of fat each year, while the latter yielded 265 
pounds. The profit of the first group was $3.40 per cow annu¬ 
ally, and of the latter group $24.80. Of the better kind of cows, 
25 would make as much profit as 1021 of the poorer kind. The 
saving in equipment, buildings, and labor necessary for 25 cows 
over 1021 cows is obvious. A herd of 25 cows can be kept on a 
small farm in a small stable, while a herd of 1021 cows requires 
larger stable facilities, more pasture land, and a greater food- 
producing area. Whfie the capital invest in and the labor 
required for 25 good cows is much smaller than for 1021 poor 
cows, the profit in both cases is the same. An average cow of 
the best herd is worth as much as 24 cows of the poorest. Fraser 
has graphically illustrated the results of his study in two charts 
(Figs. 230 and 231). 
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By weighing the milk of each cow in the herd and determining 
the fat content, the poor ones can be located and eliminated. 
Good cows can be substituted, and then the total product can be 
raised with no additional expense except that required for labor 
to handle the product. Fraser quotes an example where in 
two years the product of a herd was brought from 5800 pounds of 
milk and 224 pounds of butter-fat per year to 8057 pounds of milk 
and 307 pounds of fat. 

Selling calves can be made a source of profit to the owner of 
a good herd. He can keep enough calves to fill up his own herd 
and sell the others. It is generally believed that heifers raised 
from good cows and a good sire ultimately yield a better profit 


COW PATHS THAT UEAO fW ARURT 
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BI4Ure>BA}n> FATE tS WOXTA AS KCOB tO TBS DAlBTHAir AA 41 OOW* OW TU LSFIHfUXB FAm 

Fig. 230.—(Fraser, Univ. of Illinois Agri. Exp. Sta., Circular 118.) 

than purchased animals. Good cows are not easily obtained in 
the market and are expensive. The cost of raising calves is not 
great. At the Illinois Experiment Station calves were raised on 
milk that would have been sold for $2.70 in the open market. 
Calves can be raised for $^ to $40 and bring prices from $50 to 
$60. By judicious breeding milk producers can realize a good 
revenue both from the sale of milk and from that of calves. 

To raise a profitable herd it is necessary for the owner to get 
well acquainted with each individual cow. He must know how 
much milk and butter she produces and the amount of food she 
consumes. Systematic bookkeeping, which must include over¬ 
head expenses, such as buildings, labor, bedding, etc., does not 
consume much time, and in the end will contribute to a more 
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WHEN THE COWS COME HOME 

1Vent]«'flv8 eotn, eicb praducttg 301 lb. batter At per jmh; 
MUmspnfitef t7>3- 

TM* is ths smmge pwdttction of 139 cows comprislnf tlw bsit 
y loartli of |(4 cowt >n $6 liunos* dairy herd*. 

The lowen fourth (139 oowi) of the mubc j 6 herd* avengii 
ijl) lb. butter fat per year. 

The picttae below shows exactly how many cows of the poor kind, 
(t.eti)ittakestoietun identically the same profit ($ 783 ) as the above 
•S fo^ cows, 


____ __ _ _ 
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Fig. 231.—(Praeer, TJniv. of Qlinoia Agri. E:q>. Sta., Ocular 118.) 
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profitable herd. Stationery for the purpose of keeping records of 
cows can be purchased. 

Fraser summarises an investigation of dairy conditions on 317 
farms in the following manner: “It is encouraging to know that 
the labor involved in making the profit of $5000 per year in dairy¬ 
ing is practically no greater than that expended when $1500 is 
lost, and . . . that there is no question as to the possibility 
of making money by dairy farming.” The following table illus¬ 
trates conditions; 


The labor meome of one dairyman was 
The Sabw income of each iA three dairymen was over 
The labor income of each of four dairymen was over 
The labor income of each of eucht dairymen was over 
The labiw mcome of each of twenty dairymen wae over 
The labor income of each of eighty dairymen was over 


m)2 

5000 

4000 

3000 

2000 

1000 


The loss of each of twenty dairymen was over 
The loes of each of ten dairymen wag over 
The lora of each of two dairymen was over 
The lues of one dairyman was 


500 

1000 

1500 

1)16 


“Any man who speaks lightly of the great difference in the 
final results of keeping good and poor cows, and raising good and 
poor crops, shows only his ignorance of the height or depth to 
which these factors can take a dairyman and his family.” 

Lane gives an example of a dairyman who profited greatly by 
introducing the Babcock test. Out of his ti4 cows, 21 failed to 
come up to the standard of 200 pounds of butter per year, and 
these were disposed of. The second year the dairyman raised 
his standard to 210 pounds of butter-fat, and disposed of 15 C( .ws 
which did not reach this amount. The third year the standanl 
was set at 225 pounds, and 6 cows were sold. The fourth year his 
matiHe cows produced 300 pounds of butter. 

In another ca.se related by Lane, the average amoimt of butter 
produced by the cows was raised from 125 to 151 pounds. After 
the lapse of eleven years more, the amount of butter was 343 
pounds. In dollars and cents this example shows how the sales 
can proceed from an actual loss to a profit of $60.28 per cow. 

Co-operation and organization have done much for milk pro¬ 
ducers in many parts of the country. “Cow-testing associations” 
were first organized in Denmark in 1892. The first association 
in this country was organized by Rabild in Fremont, Mich., in 
1905. The object of this association was “to promote the dairy 
interests of its members, and particularly to provide means and 
methods for testing the milk of the cows of the members period¬ 
ically.” Since that time many similar associations have been 
established. 

The object of cow-testing associations is carried out in the 
following manner: The cow tester, who is especially trmned for 
this kind of work, gives one (Jay of every month to each member 
37 
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of the association. He weighs the food of each cow, weighs and 
tests the milk, and enters the results in a book specially designed 
for his purpose. He carries an outfit with him, consisting of a 
Babcock tester with the necessary glassware and chemicals, 
sample bottles, a spring balance, a milk sampler, thermometer, and 
dividers. He also carries a “shot-gun can” which is 8 inches in 


7HE PROFIT FROm TWO HERDS FOR QHE TEAR 

a. Cui4m isM.lf 

. _ 

WHY THIS DIFFERENCE? 


r WM NOT TH( UZt OF MM. .. 

r Wts HOT TMt MKD_ 

r TMt NOT THE FttO COST. 

MlUt MB BBBB BaUBIIIW W UCH BMl) 


Herd A 

Herd B 

.11 COWS 

11 COWS 

2 mm mcD 

1 NATIYK 

"0 MAOtS 

MORADCS 

. .* 52 S .70 

SsSObSS 


HERE 1$ THE ANSWER 


WIMMl FRODUCTHNI OF 
•UTTER FAT_ 


I 7 I.I LtS. 
PER COW 


tt «.0 Ltt. 
FERCOW 


This It A True Story At Tout By 



Aoral:- 


IT WOULO NAVE TAKEN •• POOR COWt 
THE PROFIT THE II MOO COWt MADE. 


TO 


DOES IT PAY TO KEEP RECORDS? 


MAKE 


Fig. 232.—Wliat are your herd profits? The yearly reports of these 
herds in adjoining counties illustrate how many dairymen are wastiM time 
and money on low producing cows. Why not get rid of your visitors? (Negley 
and Hams, Circuit 67, February, 1917, Extension Service of the Ccdlege of 
Agriculture, Univ. of Wisconsin.) 


diameter and 20 inches high. The can holds 35 pounds of milk 
and, since the sides are straight, a correct sample can be obtained 
with a sampler. 

The tester does all his work on the farm, a matter of some 
importance, inasmuch as it interests the farmer and teaches him 
many things about his herd and the product, which would other¬ 
wise escape his attention. The infiuence of this work is psycho- 








THE ECONOMIC ASPECT OF MILK PBODHCTION 


679 


logic and improvement of the poduct is the consequence. The 
tester figures the amount of milk drawn per year, the amount 
of butter-fat produced and the cost of fo^ consumed by each 
cow, and the herd owner is thereby placed in possession of the 
facte which will enable him to weed out unprofitable animals and 
increase the productivity of his herd. 

The expense to members of cow-testing associations is small. 
The general rule is that each member pays $1.00 a year for each 
cow he owns, and this money constitutes the salary of the tester. 
In addition, the members pay 25 cents a year dues, which goes 
toward paying for chemicals, etc. The tester gets his board and 
lodging free at the place where the tests are made. 

The l)enefite of cow testing are graphically illustrated by Neg- 
ley and Harris in the chart (Fig. 232). 

McDowell has recently gathered some valuable statistics 
showing the value of cow-testing associations. While the aver¬ 
age production of dairy cows in the United States is 1(50 pounds of 
butter-fat, the average production of the cows of forty associa¬ 
tions was 247 pounds. The income increase resulting from greater 
butter-fat production is shown by the author in the following table: 

RELATION OF BUTTER-FAT PRODUCTION TO INCOME OVER COST OF FEED. AVERAGE 
RESULTS FROM m? YEARLY RECORDS OF FORTY COW-TE8TINQ ASSOCIATIONS 

Average production 
of buttcT'fat. 

100 pounds per vear 

150 .. 

200 . 

260 . 

300 . 


The same author states that some associations make it pos¬ 
sible for their members to own a share in a good bull. If each 
member instead of purchasing a scrub bull would contribute the 
price toward the purchase of a pure-bred bull the latter could be 
purchased for the use of all members of the association, and the 
offspring would be proportionately valuable. In one association 
of 17 daughters of selected bulls 16 excelled their dams. 

Some of these associations do not limit their activities to cow 
testing, but place the products on the market more advantage¬ 
ously than a single producer could, and arrange for the disposal 
of surplus milk for butter making or other purposes. Other 
associations care for the purchase of fodder, and by co-operation 
supplies are bought on a large scale so that the outlay is smaller 
th^ it would be for individual purchases. 

Recently co-operative bull associations have been organized for 


AvfTBfCP iiKxnne over 
cant of feed. 

$ 5 00 
2f 00 
34 00 
SO 00 
6.3 00 
74 00 
. 87 00 
100 00 
118 00 
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the purpose of improving dairy herds. The first one was started 
by the Michigan Agricultural College in 1908, and on July 1, 
1917, there were 36 active associations in 17 states, with a mem¬ 
bership of 1158 owning 189 pure-bred bulls (Winkjer). A co¬ 
operative bull association is formed by a number of producers 
whose territory is divided into five or more blocks. A high-grade 
bull is purchased for each block, and after the bulls have served 
for two years they are moved to the next block to prevent inter¬ 
breeding. By this scheme the bulls are useful for ten years or 
more. The quality of the herds is improved, while without a 
co-operative bull association each farmer has to own a separate 
bull. While a scrub bull may cost about $75, the actual invest¬ 
ment in a high-grade bull belonging to an association is one-third 
to one-quarter this amount. Other advantages of co-operative 
bull associations are less expense for feed, since several farmers 
own one pure-bred bull instead of each producer owning one 
scrub; the chance of raising a herd of one breed: the encourage¬ 
ment of community breeding; and the importance of bringing 
producers together, a factor of educational value. Furthermore, 
a producer who has invested in a pure-bred bull may not get 
appreciable results for three years or more, and may become 
impatient and sell his bull: Belonging to an association would 
prevent such a mistake. 

Milk producers have been rather slow in recognizing the ad¬ 
vantages of co-operation, but many co-operative creameries and 
cheese factories have demonstrated the expediency of organiza¬ 
tion. The advantages of united efforts are chiefly: 1, The reduc¬ 
tion of expense in handling the product; 2, the ready disposal of 
the product and reduction of waste; 3, the improvement of the 
quality of the product economically as well as from a sanitarj’ 
viewpoint, and 4, the economic use of by-products, such as whey 
and skimmed milk. 

3. Some by-products on dairy farms have proved of value 
when properly cared for. The manure can be utilized profitably 
for fertilizing purposes. Skimmed milk is a useful food in the 
home. This is not recognized by the public, and consequently 
the demand for it is small. The dairyman must dispose of his 
skimmed milk in some other way. It may be used for feeding 
calves and swine or sold for the manufacture of casein, which is 
used for a number of purposes (see page 83). Buttermilk from 
creameries is also used largely for feeing hogs. Both skimmed 
milk and buttermilk from creameries should be pasteurized before 
they are utilized for food. 

Buttermilk and skimmed milk can be used for the manufac¬ 
ture of casein, which has been previously shown to have a ready 
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market. In large creameries where 10,000 or more pounds of 
buttermilk are available the production of a pound of casein 
costs 3 cents or less, and the yield from 100 pounds of undiluted 
buttermilk is 2.8 to 3.1 pounds (Dahlberg). The casein is usually 
precipitated by heating the buttermilk to 130° F. or by adding 
1 pint of sulphuric acid, diluted with 1 gallon of water, to each 
1000 pounds of skimmed milk. The whey is drawn off from the 
bottom of the vat and the casein gathered on a cloth-lined drain 
rack. The casein is washed at least twice with water, pressed, 
ground, and spread on trays. These are introduced into a tun¬ 
nel and exposed to hot air of a temperature of 130° F. for seven 
hours. Details of the process and description of the apparatus 
necessary can be found in Bulletin 661 of the U. S. Department of 
Agriculture, published April 9, 1918. 

4. The present system of milk distribution involves consider¬ 
able waste of energy, lalwr, and capital. Williams made a care¬ 
ful and interesting study of the methods of milk distribution in 
Rochester, N. Y. In one section of Rochester 57 distributors 
supplied 363 homes. The milk wagon had to cover 30 miles, 
while, if one distributor had delivered the milk, but I/t) mile 
would have been covered. In another section 353 homes were 
supplied by 61 dealers, traveling 36 miles, while one distributor 
traveling 3 miles could have accomplished the same results. 

Williams found that the 170 small milk dealers used 295 
horses and 255 wagons for milk delivery. Those horses and wa¬ 
gons represent a value of $82,400. The author estimates that 
one firm with 40 horses, 16 trucks, and 2 motor trucks, costing 
$29,000, could have done the same work. An experiment in 
milk distribution was made to demonstrate the enormous saving 
possible. One driver and two assistants with a horse truck 
carrying 1000 quarts of milk distributed 400 to 500 quarts per 
hour, while actually the average milk dealer delivered but 175 
quarts daily. 

The work is summarized by the author in a table giving the 
figures under the present system and those under a model system. 
His charts and figures are so instructive that they are worthy of 
reproduction here (see Figs. 233, 234). 

Perhaps it is not unreasonable to state that with proper econ¬ 
omy the cost of producing and handling milk can be reduced 
enough to offset the increased cost of sanitary milk. The pro¬ 
ducer can save by business-like management of the dairy and the 
herd. The production of the herd can be increased materially 
with small additional expense. By economy in construction of 
buildings the investment need not be excessive and by-products 
can be profitably utilized. The producer can learn by attending 
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milk and cream contests where he can see what his neighbor is 
doing. Furthermore, he can learn about methods of production 
by attending instructive and educational meetings held in con¬ 
nection with dairy exhibits. 



H*. 233.—Wasted effort in distributing milk in a populous city district. 
(Williams, The World’s Work, February, 1913.) 
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The Cost of Distribctino Milk ik Rocbesteb 


Under the Present System 

356 men and in many cases their 
families. 

380 horses. 

305 wa^ns. 

2509 miles of travel. 

(76,600 invested in milk room equip¬ 
ment. 

$108,000 invested in homes and 
wi^ns. 

$2000 present daily cost of distribu¬ 
tion. 

$720,000 yearly cost of distribution. 


Under a Model System 

90 men. 

80 horses. 

25 horse-drawn trucks. 

300 miles of travel. 

$40,000 equipment for one sanitary 
plant. 

$30,750 equipment of horses and 
trucks. 

$600 estimated daily cost of distri¬ 
bution. 

$220,000 estimated yearly cost of 
distribution. 


The middleman can save by organizing means of distribution 
on a sound economic basis, and the consuming public can help 
by caring for the milk at home, by promptly returning milk 
bottles in good condition, and by learning to appreciate the true 
food value of milk, skimmed milk, buttermilk, and other milk 
products. 
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MILK IN ITS RELATION TO INFANT FEEDING 

Isaac A. Abt, M. D., and A. Levinson, M. D., Chicago 

Introduction.—Although milk has been univereally recognized 
as the food for infants since the beginning of the human race, a 
knowledge of the scientific relation of milk to infant feeding is of 
comparatively recent origin. Not only did the ancients know 
little about the composition of milk, but until recently even mod¬ 
em chemists have had only a meager knowledge of the chemistry 
of milk, either human or Ixivine. Though there is still much to 
be learned, great progress is being made in the study of milk as it 
affects infant feeding through the valuable researches of biochem¬ 
ists and bacteriologists and through the tireless efforts of pedia¬ 
tricians all over the world. 

Milk is the food of most animal species, nature having pro¬ 
vided each mother with milk for her infant. Particularly did 
nature intend that the human infant should be supplied with 
human milk—the milk of its mother. Yet it frequently happens 
that the infant is deprived of mother’s milk either entirely or in 
great measure. It then becomes necessary to have recourse to 
the milk of other animals. Thus it is that infants have been fed 
on the milk of cows, sheep, goats, asses, camels, etc. The milk 
most commonly employed, however, as a substitute for mother’s 
milk is the milk of the cow. 

Mother’s Milk and Cow’s Milk .—A Study of Their Compara¬ 
tive Values .—Human and cow’s milk differ materially both quanti¬ 
tatively and qualitatively. The quantitative differences are il¬ 
lustrated in the following table: 

Mother's milk, Cow’s milk, 

per cent. per cent. 

4 0 3 5 

1.6 4 6 

7 0 4 5 

0 2 0 5 

87.30 87.25 

Qualitatively the two kinds of milk differ in the character of 
their salt and protein content. The salts of mother’s milk con¬ 
sist principally of alkaline bases, while those of cow’s milk are 
chiefly of the alkaline earths, such as calciiun and magnesium. 
The protein of mother’s milk contains a larger quantity of lactal- 
bumin and a smaller amount of casein than does that of cow’s 
milk. Many make the greater predominance of casein in cow’s 
mOk responsible for the large, heavy curds given off by cow’s 
milk when it is acted on by the rennin of the stomach. It is 
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very likely, however, that the difference in the size of the curds 
given by the two types of milk is due to the difference in the 
quality and quantity of their salts and probably also the difference 
in their reaction, cow’s milk being slightly more acid than human 
milk. 

In still other ways do human and cow’s milk sliow marked 
differences. Human milk contains a diastatic ferment which has 
the power of splitting starch into maltose and dextrose, and a 
fat-splitting ferment, lipase, which is more active than in cow’s 
milk. Human milk .also has more antilwdies than cow’s milk— 
a factor thought to be responsible for the immunity of breast-feil 
children to many infectious diseases during their nursing period. 

Whatever the differences Iwtween human and cow’s milk, one 
fact is indisputable, and that is that hunum milk is far better for 
the human infant than cow’s milk. It therefore behooves every 
mother to nurse her child unless special conditions make it im¬ 
possible or inadvisable to do so. Artificial feeding has to Ix) re¬ 
sorted to when the mother is suffering from an exhaustive disease, 
such as advanced tuberculosis, carcinoma, or chronic nephritis, 
with a constant loss of protein in the urine, the strain of another 
pregnancy, or the drying up of the hreast milk. In cases of this 
kind the child must be fed on cow’s milk. The vital question 
then arises as to the best modification of cow’s milk that will 
make it approach as nearly as pos.sible the composition of moth¬ 
er’s milk. 

Milk Modification.—There have been many ways suggested 
for modifying cow’s milk so that it approximates mother’s milk. 
The plan most commonly employed for many years has been the 
dilution of cow’s milk and the addition of sugar and cream to the 
mixture. In the main, two njethods have teen followed in the 
modification of milk. One is based on the iiercentage principle 
and the other on the principle of the caloric value of the two kinds 
of milk. 

The modifioation of cow’s milk on a strict percentage basis 
has been standardized by the late Dr. Rotch, of Boston, who 
elaborated the methods of Biedert and Meigs. The principle of 
the percentage system is to modify cow’s milk in such a way as 
to make the protein, fat, and sugar equal the amount present in 
human milk. To accomplish this it is first of all necessary to 
dilute the milk so that the protein content is not more than 1.5 
to 2 per cent. Enough fat in the form of cream is added to make 
up for the amount of fat lost through dilution. Enough sugar is 
then added to the mixture to bring the sugar content to 6i or 7 
pw cent, of the total, the exact percentage depending upon the 
needs of the infant. An illustration will make this clearer; 
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If, for instance, one wishes to feed an infant 20 ounces of milk 
that contains 1.5 per cent, of fat, 5 of sugar, and 0.75 per cent, 
protein, he will have to prescribe a milk dilution somewhat on 
the following order: Cream 2 ounces, milk 2 ounces, water 15 
ounces, and sugar I ounce. 

If one wishes to make up a mixture of 20 ounces that contains 
3 per cent, of fat, 5 per cent, of sugar, and 1 per cent, of protein, 
he should prescribe a milk dilution composed of the following: 
Cream 4 ounces, milk 1§ ounces, water 13? ounces, and sugar 
i ounce. This is on the basis of 4 per cent, of fat in milk and 12 
per cent, of fat in cream. In all of the older formulas lime-water 
was added to the milk mixture to reduce the acidity of the cow’s 
milk, but at present lime-water is not used very extensively. 
To make the dilution more simple some authors advise the use of 
top-milk in the place of cream. 

The second system of infant feeding—the caloric—is based on 
metabolic experiments done on children by Heubner and Rubner. 
Rubner found that an infant under six months of age needed 
100 calories per kilogram of weight, or 40 to 50 calories per pound 
of weight. Knowing the caloric value of milk, Heubner suggested 
three mixtures, one consisting of one-third milk and 8 per cent, 
of lactose, the second of half milk and 10 per cent, of lactose, and 
the third of two-thirds milk and 12 per cent, of lactose. 

Although both the percentage and caloric systems of milk modi¬ 
fication are extensively followed, they are not entirely satisfactory. 
The percentage method of milk modification is valuable in that it 
aims at an accurate adjustment between cow’s milk and human 
milk. However, even after the most careful adjustment, cow’s 
milk is found to differ materially from human milk in the quality 
of its protein, its salt, and its other constituents. The objection 
most commonly raised to the caloric formula of Heubner is that 
the solutions he advises call for too high a percentage of sugar, 
which has a tendency to disturb the digestive balance in delicate 
infants. 

The question as to the kind of sugar best adapted for use in 
artificial feeding is one that has been answered differently by dif¬ 
ferent authorities. There are some that favor the use of lactose, 
others that advocate the use of a sugar which combines dextrin 
and malt, and still others that prefer ordinary cane-sugar. Most 
normal children do well on any kind of sugar, but experience with 
a large number of feeding cases has shown that dextrimaltose is 
more applicable to feeding than either cane-sugar or lactose. 
Both cane-sugar and lactose are generally too laxative in their 
effects. Lactose has the added disadvantage of being hard to 
sterilise. It might be of interest in this connection to note what 
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Prof. Mathews has to say in favor of the use of lactose in infant 
feeding. The following paragraph is taken from Prof. Mathews 
text-book on physiologic chemistry: 

“The greater proportion of lactose in human milk may be 
correlated with the very much greater brain development of hu¬ 
man beings. There is a very rapid myelinization of the fibers of 
the brain occurring shortly after birth in the first six weeks of 
life. In myelin there is a large amount of galactolipins of the 
nature of phrenosin or cerebrosids of various kinds. Galactose 
is one of the constituents of this material. It may lie that the 
larger amount of lactose in human milk is to supply this need. 
No other place of formation of galactose in the body is known than 
the mammary glands, and these are, of course, very rudimentary 
in the infant. The replacement of lactose by cane-sugar in milk 
or in milk substitutes would seem ojicn to serious criticism on this 
account.” 

The diluent for milk may consist of Ixiiled water or the various 
gruels. Gruel as a dilucn t for milk w'as innovated by the French. 
A. Jacobi in this countrj' advocated the u.se of barley gruel in 
cases of diarrhea and oatmeal gruel in cases of constipation. In 
a study made of oatmeal gruel in infant feeding Levinson corrob¬ 
orates the findings of Jacobi regarding the efficacy of oatmeal 
gruel in relieving constipation. He also recommends its use in 
infant feeding lecause of its caloric value and its high iron content. 
Rice-water is frequently used by mothers jn cases of diarrhea. 
The different gruels, although they may often be indicated, are 
not indispensable, and plain boiled water may be used in their 
stead as a diluent for milk. 

The question of raw or boiled milk is one that has not yet been 
settled. Pasteurized milk was for years considered the ideal food 
for infants. Now, however, boiled milk is held to lie not only as 
good as pasteurized milk, but even better. Only very small 
curds are formed in the stomach after the intake of boiled milk, 
and hardly any curds are found in the stool after its ingestion. 
Boiling of milk has another advantage—it destroys the bacteria 
that may contaminate the milk. As for the objection so fre¬ 
quently raised against the use of boiled milk, that it givM rise to 
scurvy, the early use of fruit juic^ acts as a very efficient pre¬ 
ventive. The only state in which raw milk should be given to an 
infant is when the milk is certified., i. e., when it bears a seal show¬ 
ing that it has been prepared under extraordinary aseptic condi¬ 
tions under the supervision of medical men. However, even with 
such precautions one often runs a greater risk than in using boiled 
milk. 

Whatever the state of the milk given to the infant, it should 
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be produced under the best conditions possible. Utmost clean¬ 
liness in every particular cannot be emphasized too strongly. 
The cows should be kept clean and well fed; the milk receptacles 
should be chemically clean and bacteriologically sterile, and the 
milk should not be allowed to stand too long before it is delivered 
to the consumer. It is best to give a baby milk which is a mixture 
of several breeds of cows, as it has been found that different breeds 
produce milk of a different composition. Holstein cows, for in¬ 
stance, produce milk that has a smaller percentage of fat than 
that given off by Jersey or Guernsey cows. 

It is absolutely necessaiy that the cows from which milk for 
baby is taken be free from tuberculosis. The routine tuberculin 
tests made on cows in this country and abroad have done a great 
deal to diminish intestinal tuberculosis in infancy, although one 
of the greatest factors in the decrease of intestinal tuberculosis in 
infants has teen the use of boiled milk in infant feeding. 

There are various rules for the quantity of milk to be given the 
child, both the quantity to be given at each feeding and the 
entire amount to be given in twenty-four hours. The rule of 
giving a child at one feeding 2 ounces more than his age in months 
is a good and simple one. For instance, a child two months of 
age should receive 4 ounces of the proper mixture at each feed¬ 
ing; a child of five months, 7 ounces; a child of six months, 8 ounces; 
8 ounces of a milk mixture at one feeding should be the maximum. 
If more calories are. needed the child should receive additional 
carbohydrate or other forms of food to make up the necessary 
caloric requirement. Budin’s rule of giving milk to the amount 
of one-tenth of the body weight works out quite well. According 
to Budin an infant that weighs 10 pounds should receive the 
equivalent of 1 pound a day, or 1 pint of milk, properly diluted 
in twenty-four hours. Interpreted a little differently, an infant 
may receive daily Ij to ounces of milk for every pound of body 
weight. This rule of giving I5 ounces of milk per pound of weight 
has also been found to be of great assistance. 

The length of time that a baby should be at the breast is a 
matter that calls for consideration. Some babies nurse for a few 
minutes, faH asleep, and then nurse again in half an hour or so. 
Other babies nurse for thirty to forty minutes at a time and then 
vomit. Of course, neither of the two extremes should be per¬ 
mitted. Fifteen to twenty minutes at the breast should suffice to 
supply the baby with the amount of nourishment it requires. 

The intervals elapsing between feedings form an important 
factor in the feeding of an infant. Many mothers are inclined 
to nurse their babies entirely too often. Experience has shown 
that an interval of three to four hours between feedings is much 
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better for the infent than a shorter inter\'al, thus making from 
five to seven feedings in twenty-four hours. Under no circum¬ 
stances should a normal baby receive more than seven feedings 
in a day. The work done by Carlson, Ginsburg, and Taylor on 
hunger contractions of the infant’s stomach brings out some 
interesting facts in connection with the freQuency of nursing in¬ 
tervals in infancy. Taylor found that in full-term infants under 
two weeks of age the hunger contractions come on an average of 
two hours and fifteen minutes after feeding, with a minimum of 
two hours and a maximum of four hours. In infants of two weeks 
to four months of age three hours and forty minutes is the aver¬ 
age, with a minimum of three hours and twelve minutes and a 
maximum of four hours and thirty-five minutes. An interpreta¬ 
tion of these figures would lead one to the conclusion that chil¬ 
dren under two weeks of age should be fed every two and a half to 
three hours, and children over two weeks, every four hours. 

Premature infants form an exception to the rule of three- or 
four-hour feeding intervals. Premature infants need more cal¬ 
ories per kilo of their body weight than do full-term infants. In 
addition to their relatively high caloric reciuirement the premature 
infants are usually unable to take as large quantities of milk at 
one feeding as full-term babies. It is therefore wise in the case of 
prematures to do aw'ay with the four- or even the thiee-hour feed¬ 
ing regulation and feed the infant at more frequent intervals and 
in smaller quantities. When the premature infant is too weak 
to nurse from the breast, as frequently ha})pens, the milk should 
be pumped up and fed to the child by spoon or by Breck’s feeder. 
Important as breast milk is for the normal infant, it is doubly so 
in the case of the premature. 

An example will help to illustrate how the various rules for¬ 
mulated for infant feeding may te utilized. If, for instance, one 
wishes to feed artificially a normal child of two months whose 
weight is 9 pounds, the following should be the f)rocedure; 

According to the rule of giving a child 2 ounces more of the 
mixture than its age in months, a child of two months should 
receive 4 ounces per feeding. Six feedings of 4 ounces each gives 
us a total of 24 ounces for twenty-four hours. Applying the rule 
of giving ounces of milk per pound of body weight, a child 
weighing 9 pounds should receive UH ounces of milk for twenty- 
four hours. This will make 13 ounces of the milk and lOi ounces 
water. As each ounce of milk ha.s a food value of 21 calories, an 
in'fant receiving 13i ounces of milk will receive 284 calories per 
day. However, since each pound of tody weight requires 45 
calories, an infant weighing 9 pounds will need 405 calories. To 
make up the deficiency of 121 calories the baby should receive in 
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addition to the milk and diluent an ounce of dextrimaltose, which 
has a caloric value of 120 calories. 

After the child has reached the age of five or six months one 
feeding of breast or artificial milk should be replaced by a cereal. 
Any cereal will answer the purpose, but it is possibly best to start 
out with farina or cream of wheat. As the child grows older it 
may gradually receive more sutetantial forms of food to replace 
most of the milk feedings. Thus, a child of seven months should 
receive one cereal, one vegetable broth, and three nursings if it is 
breast fed, and one cereal, one vegetable broth, and three bottles, 
each containing 6 or 7 ounces of milk, if it is artificially fed. It 
has teen the custom of many pediatricians to keep a child on 
diluted milk until it reaches the age of a year. We have found 
repeatedly, however, that a child of eight months can take whole 
milk very well. 

A breast-fed baby should be weaned from the breast at ten 
or eleven months of age. A child that is nursed too long becomes 
pale and anemic looking because of the lack of iron in mother’s 
milk. Prolonged nursing has also been made responsible for rickets. 

It is advisable to give all infants two or three months of age 
or over some fruit juice in addition to the milk they are getting. 
This is especially important when babies are fed on boiled milk to 
counteract the possible development of scurvy. Orange juice is 
most valuable for this purpose, as it is the best antiscorbutic we 
have. It should, however, te given at least half an hour before 
or after feeding to prevent the curdling of the milk in the infant’s 
stomach. When no orange juice is obtainable, prune juice or 
carrot juice may te given instead. These juices also possess 
antiscorbutic properties, although not in so marked a degree as 
the orange juice. Potato water (water in which potatoes have 
been boiled) has also been found useful as an antiscorbutic. 

Alimentary Disturbances 

The gastro-intestinal disturbances of infancy have engaged the 
attention of pediatrists for a great many years. What is the 
cause of these disturbances, and what is the proc^ that takes 
place in the diarrheas accompanying them are questions that 
pediatricians have sought to answer. Many theories have been 
offered in explanation. The earlier pediatricians considered the 
various gastro-intestinal disturbances of infancy as pathologic 
entities, but postmortem examinations performed on infants that 
died of diarrhea proved this impression to te an erroneous one. 
There were some that attributed the alimentary disturbances of 
childhood to bacterial infections and who classified the diarrheas 
produced according to the organisms causing them. This theory. 
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however, did not prove fruitful either, for investigation of most 
cases of gastro-intestinal disturbance has not shown the presence 
of any distinct bacteria in the gastro-intestinal tract. Still an¬ 
other opinion was advanced that the diarrheas of infancy were 
neither bacteriolofdc nor pathologic entities, but metabolic proc¬ 
esses. Pediatric literature for many years hits been made the 
battlefield for controversies regarding the nature of the metalwlic 
process and the character of the food element responsible for the 
alimentary disturbance. At oae time the protein in the milk was 
thought to be the predisposing factor, but Czerny and Keller 
found that animals fed on protein alone showed no intestinal 
derangement. They therefore suggested fat as the disturbing 
element. Shortly after P'inkelstein and Meyer found that chil¬ 
dren fed on the coagulum of mother’s milk which had been added 
to the whey of cow’s milk showed intestinal disturbances, whereas 
children fed on the opposite combination, the coagulum of cow’s 
milk mixed with the whey of mother’s milk, showed no intestinal 
disturbances. From this experiment Finkelstein and Meyer ar¬ 
rived at the conclusion that it wsus the whey in cow’s milk that 
was responsible for the rise of the alimentary disturbance. As 
for the nature of the metabolic process involved in severe nutri¬ 
tional disturbances, the explanation of (’zemy, that it is an acid¬ 
osis, is the one most generally accepted at present. The entire 
question is still far from settled, but as we must have some basis 
on which to work we shall adopt the classification of Finkelstein, 
which is the one in most general use, for the study of alimentary 
disturbances: 

I. Nutritional disturbances due to quantity of food; 

A. Overfeeding. 

B. Underfeeding. 

. II. Nutritional disturbances due to quality of food or intoler¬ 
ance of food: 

A. Light form: 

1. Disturbances of weight balance or failure to gain. 

2. Dyspepsia. 

B. Graver forms: 

1. Intoxication. 

2. Decomposition. 

III. Nutritional disturbances due to— 

A. Primary intolerance followed by infection. 

B. Heat. 

C. Infectious diarrhea. 

D. Congenital defects. 

We shall discuss these points separately in the order of their 
presentation. 
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Overfeeding. —That overfeeding is responsible for many of 
the nutritional ills of childhood there exists no shadow of a doubt. 
A great many infants are overfed either through getting too 
much food at one feeding or through receiving food at too fre¬ 
quent intervals. This may be equally true of both the baby that 
is breast fed and the one that is artificially fed, although it occurs 
more frequently in the case of breast-fed babies. It is not always 
easy to gauge the exact amount of milk received at a breast feeding. 
A much greater evil, however, lies in the tendency of many moth¬ 
ers to allow their babies to nurse at their breasts continuously. 
When overfeeding is stretched over a long period of time vomit¬ 
ing sets in, and if the condition continues the child soon becomes 
unable to retain even the amount of food required for its age and 
weight. Later on a diarrhea may set in and persist for a con¬ 
siderable length of time. 

The treatment of overfeeding is essentially one of prophylaxis. 
Mothers should be taught to nurse their babies at regular inter¬ 
vals. When vomiting and diarrhea do occur, rest of the stomach 
should be enforced by withholding food from the child for a 
period of from twelve to twenty-four hours, depending upon the 
severity of the case. If vomiting still persists, lavage and small 
doses of sodium bicarbonate are recommended. 

Underfeeding.—This condition may te present in breast-fed 
as well as in artificially fed children, although it presents itself 
more often in the artificially fed, being due in most cases to the 
prolonged use of a greatly diluted milk. The moat frequent 
symptoms of underfeeding are loss in weight, irritability, and 
vomiting. The weight curve goes down instead of going up; the 
muscles become flabby, the skin loses its elasticity, and the abdo¬ 
men sinks in. The child acts restless and cries most of the time. 
Many children also vomit. The condition is frequently accom¬ 
panied either by constipation or diarrhea. 

The treatment of underfeeding, like that of overfeeding, is 
essentially one of prophylaxis. It consists primarily in giving 
the child food sufficient in quantity and in caloric value. The 
determination of underfeeding in breast-fed babies is most easily 
and most efficiently effected by weighing the child a number of 
times before and after nursing to see how much or how little the 
baby receives at one feeding. Chemical examination of mother’s 
milk is worth very little. If the child gets a sufficient amount 
of breast milk it is safe to assume that the milk is of good quality. 
If it is found that the child does not get enough nourishment from 
the mother, a supplemental feeding should be instituted. The 
child should be put to .the breast for ten to fifteen minutes, and 
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immediately afterward should be given a mixture of cow’s milk to 
make up the required amount of feeding. 

If underfeeding occurs in the case of an artificially fed child 
both the quantity and the quality of the milk the child has been 
getting should be scrutinized and means taken to improve both. 
Increases in the amount of the food should l)e made very grad¬ 
ually, however. When a child has reached the stage where it 
shows marked effects of underfeeding it is l)est to procure some 
breast mUk for it. If that is not possible, the child should be 
started on small doses of cow’s milk given at short intervals, the 
quantity to be increased by degrees until the child is able to take 
the amount required for its age and weight. 

Disturbance of Balance.—The second group of alimentary dis¬ 
turbances has to do with qualitative errors in the food given, one 
or more of the food elements being at fault. 

The disturbance in weight balance constitutes the lightest 
form of qualitative alimentary disturbance. It manifests itself 
principally in a stationary weight curve, or in a fluctuation of the 
weight curve in contrast to the continuously ascending weight 
curve of the normal infant. If the weight curve continues to be 
stationary for any length of time the child lecoines restless and 
less resistant to infection than a healthy infant. The stool may 
be normal or it may be lighter and drier than usual. Occasionally 
also the stool may present the type known as fat-soap stool, so- 
called because it contains more earth-alkali soaps and less free 
fatty acids. 

Disturbances in weight balance may be due either to an ex¬ 
cess of fat or to an insufficiency or even a complete lack of carbo¬ 
hydrates in the food. The element of food directly responsible 
for this nutritional disturbance both Czerny and linkelstein 
believe to be the fat. The trouble lies in the superabundance of 
fat and the deficiency of carbohydrates. The treatment consists 
in the reduction of the amount of milk and in the addition of 
carbohydrates to the food. The latter may lie K»ven in the 
form of dextrimaltose, flour, or malt soup. The additions 
should be made very gradually, however, to avoid upfwttmg 
the child’s digestive power, thereby prodqcing a severe alimen- 
xary disturbance. 

Dyspepsifl is a more advanced form of alimentary derange- 
ment than disturbance of balance. It is characterized by loss of 
appetite, distention of the abdomen, vomiting, and numeroM 
stools. The stools of a child suffering from dyspepsia are usually 
of thin consistency, mucous in content, and greenish m color. 
The weight curve varies in different cases; it may go down, it 
may remain normal, or it may even go up for a few days, only to 
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fall suddenly. As a rule there is no or very slight elevation in 
temperature. 

Dyspepsia may set in after a disturbance in the weight balance 
or it may occur in the case of a child previously healthy. The 
food element primarily responsible for this form of alimentary 
disturbance is apparently the carbohydrate, fat playing a second¬ 
ary r6le. 

The treatment varies with the manifestations the child pre¬ 
sents. If the dyspepsia is acute, the infant should be deprived of 
food for from six to twelve hours and given only water or weak 
tea and saccharin. After that it is best to put the infant on breast 
milk if possible. If no breast milk is available the artificial feed¬ 
ing should be resumed gradually. It shoidd be less in amount 
and strength than that usually required for the age of the infant, 
and both the fat and the whey in the milk should be reduced for 
several days. If the vomiting persists, buttermilk or albumen 
milk should be given, and if it is very severe, lavage should be done. 
The question of catharsis in dyspepsia has been a widely dis¬ 
cussed subject for a long time. Many pediatricians practice 
catharsis in all cases of dyspepsia; others claim that catharsis by 
calomel is contraindicated and catharsis by castor oil unneces¬ 
sary. We have found that in most cases of dyspepsia no catharsis 
is required. 

Intoxication.—A state of' intoxication may follow a severe 
dyspepsia or it may come on during the stage of decomposition. 
A baby that gives a history of vomiting with several watery, 
green stools a day may get into a toxic state and present symp¬ 
toms of drowsiness and coma. In such a state the temperature 
is high and the respiration is labored, like that of an animal in¬ 
toxicated with a large amount of acids. The stools continue 
to be numerous and watery. The urine shows abnormalities, 
usually being highly concentrated and exhibiting the presence of 
sugar, and often also of albumin and acetone. The blood shows 
a leukocytosis. If the child does not improve, or if it does not 
recover from its toxic state, death usually follows in a few days 
or even in a few hours. 

Some pediatrists, notably Czerny, consider this condition an 
acidosis. They base their claim on the character of the respira¬ 
tion—its similarity to the labored breathing of a rabbit made 
toxic with acids. Finkelstein and Meyer, however, explain the 
condition as an intolerance to carbohydrates and salts. 

The treatment consists in the detoxication of the infant. 
Starvation for from several to twenty-four hours is necessary to 
give the gastro-intestinal tract a complete rest. All food should 
be withheld from the patient and he should be put on a mixture 
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of water and saccharin. After the starvation period is over 
feeding may again be resumed, but very gradually. The best 
food to begin with is breast milk in small quantities, given at 
short intervals, say 1 ounce every two hours. If the child vomits 
the breast milk, it should be given in diluted form. If no breast 
milk is available, “Eiweiss” milk of Finkelstein should be given. 
Eiweiss milk is prepared in the following manner: 

To a quart of whole milk heated to 98° or 100° F. 2 level table¬ 
spoonfuls of chymogen (pepsin) powder is added. This is brought 
to a temperature of 107° F., at which it is kept for fifteen to twenty 
minutes until the milk has all been coagulated. I’he mixture is 
then put into a muslin bag which is suspended fnm a hook to 
drain off the fluid ptirtion of the milk. The curd remaining is 
rubbed through a copper hair strainer three times or it is churned 
through a meat^jinder three times. I’o this is addeil a pint of 
buttermilk and enough flour to make up the required percentage 
of carbohydrates. The entire mixture is then boiled for ten min¬ 
utes, being rubbed constantly, but not stirred. 

Some carbohydrate should be given with the albumen milk 
from the beginning to supply the neces.sjuy carlwhydrate require¬ 
ment. As a rule, a 2 per cent, flour ball is a good proportion with 
which to start. After the state of intoxication is over the amount 
of carbohydrate should be gradually increased. After the diar¬ 
rhea has been checked and the stool liecomes clay colored the al¬ 
bumen milk should be discontinued and the patient put on a 
plain milk formula. 

Decomposition, which the older physicians termed “maras¬ 
mus” or “atrophy,” constitutes a condition of emaciation in which 
all the body functions of the child are telow par. Decomposi¬ 
tion, which is rarely primary, usually comes on as the result of 
repeated dyspepsia that wastes the body of the infant. 

Decomposition presents a picture that is unmistakable—an 
emaciated condition of the body, a flabbiness of the skin, which 
looks ashen gray in color, and a subnormal temperature. The 
child in a state of decomposition is restless and refuses to take 
food. Tlie character of the stool is not uniform, generally being 
hard. Often, however, there is an interchanging diarrhea with 
the constipation. The fat in the stool is often greatly increased, 
a condition known as “fat diarrhea.” A differential diagnosis 
must always be made between chronic wasting due to other con¬ 
stitutional conditions and that due to alimentary decomposition. 

The treatment of decomposition consists in increasing the 
child’s tolerance for food. No child with decomposition dhouid 
be starved for any considerable length of time. If it has been 
artificially fed it should be put on breast milk given in small doses 
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at short intervals. If breast milk is not obtainable, the child 
should be put on a milk poor in fat, skimmed milk being the best 
substitute. As the child’s tolerance for food is increased it should 
be given diluted milk in the proper proportions. 

Infectious Diarrhea.—A certain number of diarrheas are due 
to direct bacterial infections, such as the Bacillus dysenterise or 
similar bacteria. The onset in cases of infectious diarrhea is 
usually sudden, high temperature, vomiting, and loose stools 
accompanying the condition. The stools usually show the pres¬ 
ence of mucus and blood. The diagnosis of infectious diarrhea 
can generally be established through direct bacteriologic examinar 
tion of the stool and by cultures. 

The most effective way to treat infectious diarrhea is to starve 
the patient for a while, and then put it on a food antagonistic to 
the bacteria. If, for instance, the offending organism has lieen 
the Bacillus dysenteria), cereal should be given and also Eiweiss. 
The administration of Bacillus bulgaricus has often been found of 
value in combating diarrhea due to Bacillus dysenterise. 


Milk in Its Relation to Infant Welfare 


When we compare infant mortality of today with that of 
several years ago we find a marked reduction in the mortality rate 
of every country. The marked saving in human life is attribut¬ 
able to many factors, chief among them being our constantly 
increasing knowledge of milk in general and of its relation to 
infant welfare in particular. 

An examination of the infant death-rate in various countries 
shows the following figures: 

Between 1884 and 1893 the death-rate per 100 infants under 
one year of age in the various countries of Europe was as follows: 


Per cent. 

Norway. 9 5 

IreUod. 9 6 

Scotland. 12 2 

Deomark. 13 4 

England. 14 6 

Fi^nd. 14.9 

Bekiom . 16.3 

Swiuerlaod. 16.4 



Po- cent. 

. 16 7 

Holl^d . 

. 17.5 

miy . 

. 19.0 

Spam . 

. 19 2 

Germany. 

. 22.0 

Austria. 

. 24.9 

RusMa.... 

. 26.8 


When we compare these figures of 1884 with the infant mor¬ 
tality rate of the years 1900 to 1914 we find the following figures 
per 100 infants under one year of age; 



Per o«mt. 


Per eent. 

Nonrty. 

7.0 

Italy. 

. 14.7 

Wales and Scotland 

10 9 

14.1 

Germany. 

. 17.0 

. 19 7 


11.0 


. 24.6 

UutadStMa. 

11.2 
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What are the reasons for the lowered infant mortality in some 
coimtries compared to that of others, and what steps should be 
taken to reduce infant mortality to a minimum? A survey of 
the various statistics brings out some of the most important 
forces operating in both the cause and prevention of infant mor¬ 
tality. 

1 . Climate .—There is no doubt that the climatic conditions 
of various countries affect in a great degree the mortality rate of 
the infant population. The very low infant mortality of New 
Zealand may, we believe, be attributed primarily to its excellent 
climate and only secondarily to its efficient system of infant wel¬ 
fare. 

2. Nationality .—It has been found that nationality plays a 
role in infant mortality. In the report of the Health Department 
of the city of New York a statistical survey is given of the mor¬ 
tality of the children of different races un<ler five years of age. 
The report shows that the lowest rate occurs among children of 
Russian, Austro-Hungarian, and Swedish parents. On the other 
hand, a high mortality prevails among the children of English, 
German, Irish, and Italian parents. The highest death-rates 
from congenital diseases are found among Americiui, Irish, and 
German infants. The rate for respiratory diseases among Italian 
children is double and triple that of the children of all other 
nationalities. Emphasis is laid on the fact that in many respects 
native stock seems less sturdy than foreign stock of recent acquisi¬ 
tion. The children of native parents, for instance, furnish the 
highest mortality rate due to malformations (47 per 10,000), to 
marasmus (222 per 10,0(X)), and to tuberculosis (21 per 10,000). 

That race exerts an influence on infant mortality there is no 
question. It is a well-known fact that mortality among colored 
children is three times that of white children. 

3. Study of Infant Feeding.—One of the greatest factors in 
the reduction of infant mortality has l)een our growing knowledge 
of the principles and methods of infant feeding. The medical 
world now universally recognizes breast milk as the ideal food for 
infants. Every physician is aware of the fact that to reduce 
infant mortality it is necessary that as many mothers as possible 
be urged to nurse their babies. In many hospitals a system of 
wet nurses has been instituted where mothers who have a super¬ 
abundance of milk are employed by the hospital for the purpose 
of supplying breast milk to very sick babies. By this means many 
babies have been saved who could not otherwise have lieen shved. 
Not only in regard to breast feeding but in regard to artiflcial 
feeding also has the medical world learned a great deal within the 
last few years. Many so-called “truths” of infant feeding have 
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been abandoned of late. We have learned that milk if not boiled 
should at least be pasteurized. We have learned that to get good 
milk for babies the cows must be kept in good condition, in hy¬ 
gienic surroundings, and must be free of disease, especially of 
tuberculosis. 

4. Infant Welfare .—One of the means of educating the public 
to the importance of clean milk and the necessity of a regular 
nursing period has been the Infant Welfare Movement. This 
movement was started by Budin in France about 1892 and was 
soon followed in different countries. At present there is hardly a 
country that has no infant welfare societies in operation. In this 
country the National .Association for the Study and Prevention 
of Infant Mortality was organized in 1909, and the Federal Chil¬ 
dren’s Bureau was organized in 1912. These two organizations 
are doing a great deal for the promotion of infant welfare in this 
country. Besides these central organizations there are infant 
welfare societies in every state in the Union. The purpose of the 
Infant Welfare Society is to instruct the mother in the care of 
her infant, in the choice and regulation of its food, and even in 
the matter of the clothing. The infant welfare societies are doing 
particularly good work among the poorer classes who live in un¬ 
hygienic surroundings and who cannot afford to pay private phy¬ 
sicians for advice about the welfare of their infants. 
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BUTTER 


Butter is milk-fat from which the greater part of the milk 
plasma has been removed by a process of agitation known as 
churning. The clumps of fat globules in butter retain their gen¬ 
eral physical condition, although this is true only of butter of normal 
quality. The texture of butter may vary, but is especially depend¬ 
ent upon the temperature at which churning is carried on. If a high 
temperature is employed the fat softens or even melts, and a greasy 
product is churned. On the other hand, if a low temperature is 
used a butter of firm consistency is churned. MiUc-fat contain¬ 
ing relatively large amounts of olein produces a soft butter. It is 
believed that the food a cow consumes greatly influences the con¬ 
sistency of butter-fat. While food rich in vegetable oils produces 
a milk-fat rich in olein, dry fodder and that containing much starch 
produces a hard fat. The size of the fat globules is also said to 
influence the condition of butter, inasmuch as large globules are 
supposed to furnish a butter of soft texture, while small globules 
have the opposite effect. 

While a high temperature facilitates the separation of butter 
from cream, due largely to the reduced viscosity, a good butter 
maker always keeps the temperature of churning below the melt¬ 
ing-point of butter-fat. As this point is not the same in all butter- 
fats, the most suitable temperature for churning varies somewhat. 
It is usually stated that it should not be below 50° F. nor above 
65° F. 

The rapidity and completeness of separation of butter-fat 
from the cream depends upon several factors. Temjjerature is 
of importance in this respect, as a high temperature permits 
easier and more complete separation of fat than does a low one. 
The cause of this difference is probably ascribable to the effect of 
temperature on the viscosity. A second factor of importance is 
the size of the fat globules. The larger they are, the more readily 
can they be separated. Jersey milk, with its large globules, chums 
easier than does Holstein milk; milk derived from a cow in the 
early stages of lactation is more churnable than that from later 
staj^; homogenized milk is always difficult to churn and the fat 
is removed incompletely. 

Rich cream chums more easily than lean cream because in 
the former the fat globules are close together. In sour cream 
the viscosity is greatly reduced, and consequently the fat sep¬ 
arates more easily than from sweet cream, and the yield is greater. 
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Chemical analyses of butter have given 
position; 

Tboznpuon, Shaw, 
and Norton. 

Po- cent. 


Fat ,. 
Water- 
Sait .. 
Curd.. 


82 41 
13.90 
2 51 


the following com- 


Lee and 
Barnhart. 
Per cent. 


83 20 
13 54 
2.25 
0.9 


Of course, these figures are average ones. There is consider¬ 
able variation in the composition of market butter, especially in 
the moisture content. Butter makers aim to incorporate as much 
water as the law permits—16 per cent.—but must exercise judg¬ 
ment, since the moisture is not evenly distributed and may exceed 
the legal limit in some places. Soft butter retains water in greater 
measure than hard butter. Raw cream butter usually contains 
more water than butter made from pasteurized cream; large 
churnings and those at high temperature have a similar effect. 
During storage some of the moisture is lost, more from salted 
butter than from sweet butter. 

The mineral content of butter varies considerably, depending 
largely upon the amount of salt worked into it. The object of 
adding salt to butter is chiefly to render it more resistant to de¬ 
composition, and incidentally the salt covers up off-flavors to a 
limited extent. The presence of salt, furthermore, adds to the 
palatability of the butter. The amount of salt added varies up 
to 5 per cent. 

Although it is possible to make butter from milk, by far the 
largest amount is made from cream. Cream churns more easily 
than milk; in fact, the richer the cream, the more readily does it 
churn. 

Cream is separated from milk in one of two ways: either by 
gravity^this is gravity cream—or by means of a centrifugal 
separator. 

Gravity cream is obtained either by the “shallow pan sys¬ 
tem” or by the “deep-setting system.” In the former case the 
milk is placed in pans 2 to 4 inches deep and kept at 60° F. in 
pure air to avoid bacterial contamination as far as passible. 
The cream is finally skimmed off, leaving a skimmed milk con¬ 
taining from 0.5 to 1 par cent. fat. Better results are obtained 
by the deep)-8etting system. Four-gallon shotgun cans, or spe- 
dally constructed cans with a piece of glass to observe the cream 
line, are filled with milk and kept at 55° F. or lower. The cream 
separates in about twenty-four hours and is then skimmed off, 
or the skimmed milk is removed if the can is provided with a faucet 
at the bottom. This skimmed milk may contain as little as 0.2 
per cent. fat. 
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Creaming is facilitated if the milk is eooled rapidly after draw¬ 
ing, and also by diluting it with about an equal volume of water, 
by which means the viscosity is reduced and the rising of the fat 
hastened. Dilution with water, however, usually leaves more 
fat in the skimmed milk than is left by undiluted milk , and, furth¬ 
ermore, the skimmed milk is so highly diluted that it is not suit¬ 
able for further use. Diluting the milk for creaming is, there¬ 
fore, not a common practice. 

Cream is now more generally separated from milk by means 
of centrifugal separators. The advantages of the separator 
method over that of gravity are so great that the original outlay 
for a separator is soon compensated for. Centrifugal force sep¬ 
arates the cream more completely than does gravity, so that the 
■separated milk frequently contains less than 0.1 per cent, fat, often 
as little as 0.05 per cent. This is one important gain, and another is 
the fact that a concentrated cream containing 60 or more per cent, 
butter-fat can be obtained, while gravity cream rarely contains 
more than 20 per cent, butter-fat. However, it is not desirable 
to use a cream of more than 45 per cent, fat for butter making, 
as otherwise the viscosity becomes so great that a part of the cream 
adheres to the sides of the churn, making proper agitation impossi¬ 
ble and causing the yield of butter to suffer. 

A further advantage of separator cream is derived from the 
fact that it is separated while perfectly fresh, still warm with 
animal heat. Bacterial decomposition has no time to take place 
and the ripening process can be more efficiently controlled. As a 
matter of fact, a large number of micro-organisms are thrown out 
by the centrifugal force. 

When milk is subjected to centrifugal force it separates into 
three parts, namely: 1, the cream—being the lightest part—moves 
toward the center; 2, the separator milk, and 3, the heaviest parts 
of the milk—consisting of insoluble .salts, dirt, casein, cellular 
elements, and micro-organisms—are thrown on the wall of the 
bowl. These last constituents form a thick, slimy mass, known 
■ as the separator slime or bowl sediment. 

The richness of the cream is controlled by a screw with a hole 
through which the cream—in some machines—or the skimmed 
milk —in others—flows. The nearer the hole in the screw is to 
the center, the richer is the cream, or if the screw controls the 
skimmed milk, the nearer the hole is to the periphery, the richer 
is the cream. The rate at which the milk flows into the separator 
also influences the richness of the cream. A low rate of speed in 
the machine produces a leaner cream than a high rate, and finally 
a high temperature causes a rapid flow of cream of low fat con¬ 
tent. The temperature, however, should not be so low as to in- 
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crease the viscosity of the milk materially, to prevent clogging of 
the machine. 

Although the temperature range for best results is greater for 
centrifugal separation of cream than for gravity, it should receive 
proper attention. The milk, if it is not separated immediately 
after milking, which is impossible except on the farm, should be 
warmed slowly and without much agitation. The temperature 
most suitable for separating is about 90° F., and if the milk is 
heated rapidly the fat is not liable to become soft enough for 
efficient separation. However, McKay and Larsen found that 
milk could be heated rapidly to a temperature of 170° F., and 
that, contrary to earlier beliefs, the butter did not suffer from this 
heating. 

It is very important that the milk be perfectly sweet for cen¬ 
trifugal separation. Sour milk quickly clogs the machine and, at 
best, separation is imperfect. 

A separator should run smoothly and at a uniform speed if 
the t)eat results are desired. 

As stated before, butter is most commonly made from sour or 
“ripened” cream. The ripening process is a very important one, 
since it not only increases the yield of butter, but conditions the 
flavor and aroma. Ripening of cream is a process carried on by 
bacteria. Whether but one type is concerned in it or several is 
still a matter of controversy, but it is established that a clean 
cream produces good butter only when the ripening process pro¬ 
ceeds normally. Good butter cannot be produced from dirty 
milk, as this teems with types of micro-organisms that produce 
taints. 

The ripening of cream is desirable Ijecause (1) the fat sepa¬ 
rates more readily in sour than in sweet cream, and churning is, 
therefore, facilitated and the yield increased; (2) sour cream but¬ 
ter keeps its aroma and text.ure for a longer time than does sweet 
cream butter, and (3) sour cream butter has a richer aroma than 
sweet cream butter. The best temperature for cream ripening is 
60° to 70° F. It is true that the lactic acid bacteria grow some¬ 
what better at a higher temperature, but undesirable organisms 
are also favored. At a moderate temperature the lactic acid bac¬ 
teria overcome competition of undesirable organisms more read¬ 
ily than at higher temperature. 

During the winter months, when cattle are kept closely in 
stables, undesirable bacteria are more common in cream thtui in 
summer, when cattle are outdoors most of the time. Ripening, 
^thwefore, proceeds more satisfactorily in summer than in winter. 

It is a well-known fact that in certain localities a high-grade 
bwtter is produced, while in others the quality is inferior. This 
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is probably due to the presence of bacteria which are common in 
these locahties and which produce results in accordance with their 
nature. 

There are two methods of cream ripening—the natural and the 
artificial. The natural ripening of cream means merely allowing 
it to sour spontaneously. It is obvious that by this method the 
result is more or less haphazard. If the souring process is car¬ 
ried on by bacteria which produce an agreeable aroma the result¬ 
ant butter will be of fine quality, but if carried on by the type of 
bacteria producing an unpleasant aroma, an inferior butter will 
result. The only control possible when cream is allowed to ripen 
spontaneously is care in the production of a clean milk and pro¬ 
tection during the souring process. 

The souring of cream is the result of the activity of types of 
Streptococcus lacticus. This organism is so universally present 
in cream that it rarely fails to ripen it. But the aroma varies 
with different types of Str. lacticus. While some produce an 
agreeable aroma, others produce an indifferent or even unpleasant 
aroma. It is held by some investigators that butter aroma is I 
due solely to the action of this organism, while others telieve that! 
associated bacteria materially affect it. In any case, it is gen- j 
erally conceded that the aroma is the result of a slight decomposi- * 
tion of butter-fat caused by microbial action. 

Artificial cream ripening is carried on by the use of starters; 
that is to say, the cream is inoculated either with a batch of sour 
cream from the last ripe cream or with pure cultures which are 
purchasable. The batch of sour cream used for inoculation is 
known as a natural starter, while pure cultures are known as 
artificial starters. 

It is a common practice to save a small amount of ripened 
cream and mix this with a new lot. Sour cream, when of good 
quality, contains Streptococcus lacticus in almost pure culture 
and in enormous numbers. The numl)er present is variously stated 
to be from 500,000,000 to 3,000,000,000 per cubic centimeter. The 
new cream, therefore, is seeded with large numbers of desirable 
bacteria. If a butter maker finds his cream does not ripen in a 
satisfactory manner, he obtains a natural starter from a neighbor 
who is obtaining better results. The starter should not be too 
old, as the high acid content destroys many bacteria and 
renders the starter inefficient. By keeping a starter on ice it can 
be used after several days without there being a material de¬ 
terioration. 

Artificial starters are gradually superseding natural starters 
because they enable the butter maker to control his product with 
a certain degree of perfection. Artificial starters are made from 



604 


Miu: 


laboratoiy cultures of Str. lacticus, and these cultures are pur¬ 
chasable for a small price. Butter makers have fresh cultures 
mailed to them at regular intervals, since it is diflScult to preserve 
a pure culture indefinitely under commercial conditions. Most 
commercial starters are really pure cultures, while some contain 
contaminating organisms. They are sold either in liquid or 
tablet form. While liquid starters are more active when fresh 
than dry starters, the dry ones preserve their viability for a longer 
period than do the liquid starters. 

To prepare a starter from a commercial culture requires care 
and judgment. Other bacteria must be kept out, otherwise the 
result will be a failure. The first step is the preparation of the 
“mother starter.” A quart milk bottle is cleaned and filled about 
two-thirds full with a good quality of milk or skimmed milk. A 
cotton swab attached to a piece of heavy copper wire (Bushnell 
and Wright) or a silver-plated teaspoon with a piece of wire 
soldered to the handle (Hastings) is inserted and the bottle then 
closed with a cotton plug or an inverted tumbler, or both. The 
milk is then sterilized in steam for thirty or forty minutes. One 
sterilization does not destroy all bacteria, of course, .so some pre¬ 
fer to apply steam for three successive days, although this is not 
necessary. After the milk is cooled the culture is added, mixed 
with the milk, and then incubated at 65° to 85° F. After eigh¬ 
teen to twenty-four hours the mother starter is ready. The curd 
should be smooth, without giis holes, and practically free from 
whey. The starter should be examined for abnormal appearance, 
taste, and odor. The acid present should be calculated by the 
use of Farrington’s alkali tablets. In order to observe the phys¬ 
ical condition it is advisable to use a glass vessel. 

The incubation temperature can be maintained, according to 
Hastings, by placing the bottle or bottles in an insulated box, 
such as a fireless cooker, and keeping the temperature constant 
by means of a pail filled with water at 80° to 90° F. 

The largest number of lactic acid bacteria are present when 
the milk curdles at 70° F. and has an acidity of 0.6 to 0.7 per cent. 
If the amount of acid is less, there are fewer bacteria, and if it is 
greater, the number also decreases, owing to the destructive effect 
of the acid. 

Fresh cultures frequently do not produce the d^ired effect, 
and a fresh bottle of milk should then be inoculated from the 
first one. This may have to be repeated several times before the 
starter has gained proper vigor. 

If the mother starter is not intended for immediate use, it 
should be placed on ice to prevent the souring process from going 
I too far. 
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The starter proper is prepared by mixing 1 quart of the mother 
starter with about 40 quarts of milk which has been pasteurized 
and then cooled to 65° to 85° F. This is then incubated for 
twenty-four hours, after which it is ready to be used with the 
cream in the proportion of from 5 to 20 per cent. 

The acidity of properly ripened cream is usually given as 
0.5 to 0.7 per cent. In rich cream the acidity should be lower 
than in lean cream, because the acid is contained in the plasma, 
not in the fat, but in measuring acidity the whole volume of cream 
is considered. The larger the fat content of cream, the smaller is 
the amount of plasma. 

A considerable quantity of butter is made from pasteurized 
cream, and the advantages of using such cream are becoming more 
apparent to butter makers. One advantage is the destruction of 
pathogenic bacteria; another is the fact that by using pasteurized 
cream the ripening process can be absolutely controlled. Pas¬ 
teurization destroys the majority of bacteria, and by inoculating 
pasteurized milk with a pure culture starter, ripening proceeds 
uniformly. The product is always of the same high quality, and 
has, therefore, commercial advantages over butter made from 
raw cream. Furthermore, the stability and aroma of the butter 
are improved. 

The flash process of pasteurization is generally used for cream 
to be used for butter making. According to Rogers, Berg, and 
Davis, the temperature for continuous pasteurization should not 
be below 74° C. (165° F.) nor above 80° C. (175° F.). If pas¬ 
teurized below 74° C. the stability of the butter suffers; if above 
80° C., the flavor is affected. 

The churning process is stopped when the fat appears in small 
granules. The buttermilk is strained off and the butter remains 
on the sieve. It is then mixed with clean, pure water, churned, 
and strained again. This process is repeated until the butter¬ 
milk has all been practically removed. The temperature of the 
water used for washing is gauged according to the consistency 
of the butter-fat. If it is soft, the water should be cold; if hard, 
the water should be warm. Salt—up to 5 per cent.—is then sifted 
on the butter and worked in. 

The working of the butter is an important process. By work¬ 
ing the salt is incorporated, water or buttermilk is removed, and 
the texture becomes firm unless the working is overdone, in which 
case the texture becomes greasy. Too much manipulation may 
have a detrimental effect on the aroma of the butter. This, as 
stated previously, is largely the result of bacterial activity on the 
fat. liie aromatic split-products are absorbed partly by the fat 
and partly by the remains of buttermilk. Consequently, if the 
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butter is worked too much, some of the water-soluble aromatic 
substances are lost and the taste of the butter becomes flat. 

Finished butter has a relatively small bacterial content ov*^ 
to the unfavorable conditions for bacterial life and multiplication. 
Oleomargarine and butterine usually contain fewer bacteria than 
natural butter. The droplets of buttermilk or water remaining 
enmeshed after churning and washing dissolve the salt which is 
worked into the butter, and this salt solution is unfavorable for 
bacterial growth. The fat itself offers food for a few types only. 
The latter, however, are undesirable, since they decompose fat 
and produce fatty acids and glycerin. They are the cause of 
rancidity in butter. 

After churning there is an increase in bacterial content, fol¬ 
lowed by a decrease. Lohnis gives the following numeric rela¬ 
tion of bacteria in butter according to age. The numbers are to 
be multiplied by 1,000,000: 


Freeh butt«r.... 
One week old.. 
Two moQtha old 


Sweet cream butter. 


Outside. Inside. 

1 1 

30 10 

2 0 6 


Sour cream butter. 


Outside. 

10 

8 

2 


li^ide. 

10 

3 

0 1 


According to this table sweet cream butter contains fewer 
bacteria right after churning than sour cream butter, but after 
one week, the relation is reversed. After two months both kinds 
of butter contain less bacteria than after one week. 

The number of micro-organisms in butter depends to some 
>1 extent upon the thoroughness with which it is washed. If washed 
' insufficiently buttermilk remains and offers food for bacteria. 

After repeated washing the buttermilk is replaced by water and 
■: bacteria find httle food. The fat is of food value only to a few 
!' types of micro-organisms which, as stated before, decompose 
the fat, with production of a rancid taste and odor. The com¬ 
monest ones of these are Oidium lactis, Chladosporium butyrii. 
Bacillus fluorescens, and more rarely B. prodigiosus. Decomposi¬ 
tion by these organisms commences from the outside, since they 
are aerobic. 

Abnormal conditions of butter may be due to one or more of 
the following causes: 

1. Poor control of conditions in butter making. 

2. Abnormal ripening of the cream. 

3. Poor milk. 

Poor control frequently shows itself in the texture of the 
butter. If cows are permitted to feed on marshy vegetables, or 
if a wet spring has caused watery plants, the fat in milk is soft. 
n»e fat is hard when straw, potatoes, or beet tops are fed in 
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abundance. As pointed out before, insufficient cooling of the 
cream, especially after' pasteurization, leaves the fat in a soft 
condition. If this is not corrected by proper cooling the quality 
of the butter suffers. 

If the butter is worked too much a physical change occurs in 
the fat, which imparts to the butter an oily consistency. On the 
other hand, insufficient manipulation makes the butter streaky 
and the salt is not well distributed. Streaky butter may also re¬ 
sult from mixing different lots of ripened cream before churning. 
The churning temperature should not be too high, otherwise the 
fat becomes soft. About 55° F. is a good churning temperature. 

if the ripening process goes too far the casein precipitate is 
hard and particles of casein become enmeshed in the fat. This 
also occurs when hot water is added to sour cream to raise the 
temperature. A cheesy taste is then imparted to the butter. 
After churning at high temperature the butter may contain very 
small drops of water in abundance and fat globules are then broken 
up. The normally clear appearance of the butter is disturbed and 
a cloudiness takes its place. In good butter the water is present 
in relatively large drops. 

High temperature of ripening may produce abnormal flavors 
by favoring the multiplication of Bacillus coli, B. .subtilis, and 
other bacteria which impart a bitter taste. A turnip taste is 
ascribed by some to strains of B. coli. Lactose-fermenting yeasts 
may also produce a bitter taste. If B. fluorescens remains in the 
butter, either from unclean cream or water, (he butter may soon 
become rancid. This organism multiplies at relatively low tem¬ 
perature. 

:/ The influence of light in presence of oxygen produces rancidity 

/ and decolorization of butter. It should, therefore, be protected 

I both from light and air by suitable packing. The keeping quality 
of butter is then enhanced. Sufficient working to remove the 
buttermilk and preservation in cold storage are important factors 
for keeping butter in good condition. If it were possible to elim¬ 
inate all bacteria except lactic acid bacteria, butter would keep 
well for indefinite periods in the dark and at low temperature. 
As it is impossible under commercial conditions to prevent some 
contamination, decomposition may be expected. However, Rog¬ 
ers, Berg, Potteiger, and Davis have found that at 0° F. there is 
no increase in soluble nitrogen for a long period. There was , 
probably no bacterial multiplication at this temperature, butj 
the authors found some evidence of proteolysis caused by ' 
bacterial enzyms. They further found that butter from sweet 
pasteiunzed milk keeps much better than butter made from raw; 
sweet cream. Rahn, Brown, and Smith found an increase of 



amido-nitrogen in butter, and studied bacteria which were able 
to multiply slowly at —6° C. in salted butter. The authors are 
in doubt, however, whether these bacteria cause deterioration. 
Thom and Shaw found that molds attack unsalted or slightly 
salted butter, but rarely affect fully salted butter. Guthrie, 
after a careful study, declares that chemical changes in butter 
were slight when biologic agencies were checked. Exposing but¬ 
ter and butter-fat to high temperature, tight, and air caused no 
rancidity and no important change in the iodin number. In fact, 
according to this work, the rancidity of butter ordinarily spoken 
of, is rare and a strong flavor is frequently mistaken for rancidity. 

In some cheese factories butter is made from the whey, and this 
is called whey butter. The whey may contain as much as 1 per 
cent, of fat. Two-thirds of the fat can be saved by allowing the 
whey to stand for twenty-four hours and then skimming the fat 
off. A better yield is obtained by boiling the whey and skim¬ 
ming the “cream” off the surface. This “cream” contains about 10 
per cent, fat, while only 0.05 per cent, remains in the whey. This 
by-product can be utilized to still better advantage if the whey, 
when it leaves the cheese kettle, is passed through a cream sepa¬ 
rator. The separated “cream” is then churned and the product 
is equal to a good quality of market butter. A good price is 
realized from this butter, while the whey butter obtained by the 
first two methods is sold at the price of lard. Doane states that 
2 to 5 pounds of whey butter can be obtained from 1000 pounds of 
milk. 

Butter is scored by experts according to flavor, body, color, 
salt, and style of packing. Michels has defined good butter as 
follows: 

“Flavor should be rich, pleasing, creamy, and suggest nothing 
objectionable to either the taste or smell. 

“Body should be firm and waxy. 

“Color should be even, showing a luster and an oat straw 
shade, unless the particular market wants a different color. 

“Salt well dissolved, and just enough to bring out the highest 
flavor of the butter. 

“Package clean and neat in appearance.” 

Off-flavors may be curdy, too acid, rancid, oily or greasy, 
fishy, stable-taste and odor, bitter, weedy (when cows have been 
fed on strong-smelling plants), or unclean from ill-kept utensils or 
poor water. 

The fishy flavor of butter similar to the oily flavor of mackerel 
or salmon is not uncommon, and has been studied by Rogers. 
The author says that fishy flavor is caused by a “substance pro¬ 
duced by the oxidation of one of the combinations of the acid 
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developed in the ripening process of cream. The substamce on* 
dised may be the result of a hydrolysis of one of the constituents 
of butter by the acid.” Fishy flavor is more common in hot 
weather than in cold, and occurs when cream overripens or when 
it is overworked. But high-acid cream do® not always produce 
a fishy butter. The flavor is not apparent in fresh butter, but 
develops during storage. Rogers found no bacteria or molds 
responsible for the fishy flavor. By making butter from pasteur¬ 
ized cream the occurrence of the fi^y flavor is prevented. 

For bactferiologic examinations-of butter a sample of 200 to 
300 grams is drawn with a sterile butter trier. The sample is 
melted at a low temperature (35° C.) in a sterile glass jar. When 
melted a portion is poured into an Erlenmeyer flask and kept at 
about 35° C. in a water-bath. All dilution flasks and pipets 
must be kept at the same temperature to prevent hardening of 
the butter. From the liquid butter,' dilutions can be prepared and 
plates made in the usual manner. One gram of butted equals 
about 1.15 c.c. 


Chemcal Analysis op Butter 

Samples are taken with butter samplers. The whole sample 
is melted in a closed vessel at low temperature. The melted but¬ 
ter is shaken until homogeneous and until sufiiciently solid to 
prevent separation of water and fat. 

Determination of Moisture.—Evaporate 1.5 to 2.5 grams to 
dryness on a water-bath and desiccate over calcium chlorid. 

Determination of Fat.—Dissolve with absolute ether or petro¬ 
leum ether the dry butter obtained in the determination of moist¬ 
ure. Transfer to a Gooch crucible with the aid of a wash bottle 
fiUed with the solvent, and wash until free from fat. Dry the 
crucible and contents on a water-bath and calculate the fat. 

Determination of Casein, Ash, and Chlorin.—Cover the cru¬ 
cible containing the residue from the fat determination and heat 
gently at first, raising the temperature to just below redness. 
Remove the cover and heat until white. The loss in weight is 
casein; the residue, mineral matter. To determine the chlorin, 
dissolve the mineral matter in water slightly acidulated with 
nitric acid. To this solution add a known volume of normal one- 
tenth silver nitrate solution until an excess is present. Stir 
well, filter, and wash the silver chlorid precipitate thoroughly. 
To the filtrate and washings add 5 c.c. ferric indicator (a satur¬ 
ated solution of iron alum) and a few cubic centimeters of nitric 
acid. Titrate the excess of silver with one-tenth normal ammo¬ 
nium or potassium thiocyanate solution until a permanent light 
brown color appears. Calculate the amount of silver nitrate solu- 
39 
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tion used and from this the amount of chloim (Voihard’s method 
of chlorin determination). 

Detennination of Salt.— Take 1 gram of butter from different 
parts of the sample, mix, and place 5 to 10 grams in a beaker. 
Add 20 c.c. of hot water, and after the butter has melted transfer 
to a separatory funnel. Shake, and after all fat has collected on 
the surface draw off the water without allowing any fat to pass 
through. Repeat the extraction ten to fifteen times, using 10 
to 20 c.c. of hot water each time. Determine the amount of 
sodium chlorid in an aliquot portion of the solution with silver 
nitrate solution and potassium chromate as indicator. 
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CHEESE 


Cheese is a ripened product made from milk. The ripen¬ 
ing process is carried on by different groups of micro-organisms 
which cause a series of chemical changes. Some groups produce 
proteolysis of the casein and decomposition of the fat and milk- 
sugar. Flavor in cheese is also the result of these activities. The 
collective vferk of these groups of micro-organisms is very com- 
plexj and the results of their combined action are different from 
the sum of the individual group activities. Green cheese contains 
casein, fat, water, and the salts of milk, and for a short period 
milk-sugar is present. 

The chemical changes in cheese are more complex than those 
in butter. In butter there is acid and aroma formation which 
determines the quality of butter, but there is not the essential 
variation in butter that there is in types of cheese. The micro- 
flora in butter is simple when compared with that of cheese. The 
aroma of butter is due to the activity of certain bacteria, and, 
similarly, the type of cheese is determined by the kinds of micro¬ 
organisms which are concerned in the ripening process. It was 
formerly believed that the different types of cheese were merely 
the result of differences in manipulation, as some were pressed 
more vigorously than others, causing a variation in the amount 
of water, and as the ripening temperature varied with the dif¬ 
ferent kinds of cheese. Of course the influence of varying mar 
nipulations was learned by experience, but it is now known that 
they have bearing on microbial life. Conditions of ripening are 
made suitable for the particular type of cheese. 

Cheeses may be divided into two groups, namely, sour milk 
and rennet cheeses. Sour milk cheeses are made from sour milk 
by precipitating the curd from the milk in a cheese kettle over 
gentle heat. They are always soft and the fresh precipitate consists 
chiefly of casein. When rennet is used for precipitating the curd, 
less acid is required than for the preparation of sour milk cheese. 
Rennet cheeses may be soft or hard, and their coagulum consists 
chiefly of paracasein. The consistency of the curd is determined by 
the amount of whey that remains, the type of cheese varying from a 
consistency so hard that the cheese is difficult to cut to one very 
soft or even semifluid. In hard cheese the ripening process proceeds 
more or less uniformly throughout the nrass, while in soft cheese 
ripening commences from the outside. The surface of soft cheese 
is covered with rniwo-organisms which produce characteristic 
changes in the curd, and enzyms secreted by these micro-organ- 
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isms gradually penetrate to the center of the curd and effect 
changes similar to those produced by the micro-oi^anisma them¬ 
selves. It follows that the interior of the cheese ripens more 
slowly than the outside, and while the outer layer soon assumes 
a smooth, transparent appearance, the inside remains white and 
granular for some time. The size of a hard cheese is not an 
important matter, since microbial activity is uniform throughout 
the mass, but soft cheese must be ripened in relatively small 
pieces, so as to offer a large outside surface for the action of micro¬ 
organisms which need oxygen. In hard cheeses air is not only 
unnecessary, but in some respects disadvantageous. 

There are more than 400 varieties of cheese manufactured, 
but only a small mxmber are of commercial interest. However, 
the consumption of cheese is on the increase, and new varieties 
appear on the market from time to time. Doane and Lawson have 
described 245 varieties of cheese, and have stated that during the 
years 1900 to 1905 the value of imported cheese rose from $1,946,- 
033 to $3,875,161. Most of the imported cheese comes from Italy, 
Switzerland, France, and Holland. The most popular varieties 
imjjorted from Italy are the Parmesan and Gorgonzola; from 
Switzerland, the Emmenthaler; from France, the Roquefort, 
Camembert, and Brie; from Holland, the Edam. Several types 
are manufactured in this country, chiefly hard cheeses, and some 
imported cheeses have been imitated with considerable success. 
Among the latter are Emmenthaler, or Swiss cheese, Limburger, 
Camembert, Brie, Isigny, Roquefort, Stilton, and others. 

Since cheese contains fat and protein in an easily digestible 
condition and in relatively large proportion, it is a valuable article 
of food. The true food value has not been fully appreciated by 
the public, although the increase of importation shows that 
cheese as a food is becoming more popular. The proteins in 
cheese are easy to digest, especially those in soft cheese. But 
hard cheese—although frequently assumed to be indigestible— 
is not difficult to digest if it is thoroughly masticated. The fat in 
cheese is more easily assimilated than that of meat and vegetables. 
Furthermore, cheese contains abundant mineral matter. Only 
carbohydrates are absent, except in fresh cheese, such as cottage 
cheese. But even in cottage cheese the sugar is present in small 
quantity. Cheese is a successful rival of meat as food for human 
consumption, as it contains the necessary food elements and is 
cheaper than meat. Langworthy and Hunt have published in 
Farmers’ Bulletin 487 of the United States Department of Agri¬ 
culture a popular description of the most favored cheese, and 
a large number of home recipes for utilizing cheese for food. 
In this useful bulletin the food value of cheese is discussed and its 
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composition compared with that of other food articles. lEbcpUcit 
directions are given for the preparation of cheese dishes which 
may serve as meat substitutes; for the concoction of cheese soups; 
for combining cheese with vegetables, etc. Its use is recommended 
for making cheese salads, cheese sandwiches, cheese pastry, cheese 
sweets, and similar dishes. A total of more than 80 recipes is given. 

Cheese contains chiefly water, protein and protein decomposi¬ 
tion products, fat, and mineral matter. By averaging the anal¬ 
yses given by Doane and Lawson the following approximate 
values of a’few representative cheeses were obtained: 


Kind of cheese. 

Water 

Fat. 

Protein, etc. 

Total ash. 

Brie ... 

50 14 

24 27 

18 12 

4 28 

Camembert 

50 30 

22 79 

19 24 

4 06 

American Cheddar 

34 78 

31 77 

28 11 

3 70 

Emmentbaler... 

34 87 

28 18 

30 88 

5.38 

Edam ... 

36 93 

26 19 

27 45 

5.68 

American Edam .. . 

46 87 

24 08 

22 65 

3 10 

Gorgoniola . 

36 75 

31 76 

26 29 

4 37 

Panbesan 

31 22 

20 09 

40 77 

6 02 

Roqu^ort .... . ., 

31 25 

44 09 

27 23 

6 53 

Stilton.. 

27 02 

38 61 

27 15 

3.47 

Thom has tabulated analyses made by 

different 

analysts of 


twelve samples of Camembert cheese in the American market. 
Following are the average figures: 

ProportioQ of fat 

Water. Fat. Proteio. to protois. 

47.91 27.33 19.66 1:0.71 

These figures clearly show the great value of cheese as a food, 
and this fact is being gradually recognized, so that cheese is con¬ 
stantly winning popularity as an article of diet. 

The relation of micro-organisms to cheese ripening was first 
recognized by Cohn in 1872. Since that time an extensive lit¬ 
erature on chemical and bacteriologic investigations of cheese 
has accumulated. A great deal has been learned, but the prob¬ 
lem is one of such complexity that much is still obscure. How¬ 
ever, pi^ent knowledge of the biologic processes of cheese ripen¬ 
ing has placed the manufacture of many cheeses on a more rational 
basis than heretofore, and has made a more stable and delightful 
product possible. 

Clean milk is a fundamental necessity for producing good 
cheese, and a good quality of milk assures a better cheese than an 
indifferent quality. Any off-taste in milk is intensified in the 
cheese made from it. Hence cleanliness in production is as im¬ 
portant when the milk is intended for cheese manufacture as 
when it is used for any other purpose. Milk held in dirty or rusty 
utensils infallibly produces a poor quality of cheese. 

Since most of the milk-fat is precipitated with the curd, the 
fat content of cheese depends upon the richness of the milk used. 
It is important, therefore, that the cheese maker should know the 



614 


MILK 


quality of the milk he purchases. The sediment test for dirty 
milk, the Babcock test for fat, and the Hart test for casein are 
easily made, and furnish the cheese maker with the necessary 
information about the quaUty of the milk to be used for cheese 
making. The Babcock and Hart tests also furnish an equitable 
basis for valuation of the milk. 

It is claimed that exceptionally pure milk is not suitable for 
cheese making because it is so poor in bacteria that cultures of 
micro-organisms must be used to produce results. On the other 
hand, some bacteria commonly present in unclean milk may cause 
abnormal flavors or objectionable gas formation. Pasteurized 
milk has the advantage of containing but few bacteria, and 
when it is used, pure cultures of cheese-forming bacteria can be 
inoculated into the milk. However, there are some drawbacks 
to the use of pasteurized milk which as yet have been only par¬ 
tially overcome. The first objection to be raised is the retarda¬ 
tion of rennet action upon the casein. This is due to the precipita¬ 
tion of calcium salts by heat, and can be rectified by addition 
of calcium chlorid or some other soluble calcium salt. The sec¬ 
ond objection is the softness of the curd produced with the use of 
pasteurized milk. No universal remedy for this trouble has 
been found and, therefore, pasteurized milk is not as suitable for 
the making of hard cheeses as for the manufacture of soft ones. 
However, Sammis and Bruhn have succeeded in making a satis¬ 
factory Cheddar cheese from pasteurized milk. Instead of using 
sour milk they added hydrochloric acid to produce coagulation. 
The product scored better than cheese made from the same miUc- 
suppiy in the usual manner, and the yield was nearly 5 per cent, 
greater. It is confidently expected that some means will be dis¬ 
covered which will correct the consistency of the curd from 
pasteurized milk so that pasteurized milk can become the basis 
of all kinds of cheese. When this can be done the cheese maker’s 
work will be facilitated, since under present conditions his milk- 
supply varies from day to day in bacterial content, coming, as it 
does, from a number of producers, and therefore constituting a 
mixed product. Pasteurization would make the quality of the 
milk fairly constant and the results would be imiform with the use 
of cultures of micro-organisms. There would be established a regu¬ 
lar routine of work which is unheard of under present conditions. 

Milk for cheese making has been sterilized by the use of hydro¬ 
gen peroxid and then inoculated with cheese-ripening cultures in 
order to avoid the detrimental influence of the many bacteria 
usually present in milk. However, the process is confined to 
special kinds of cheese and has been only partially successful. 

It is true that the use of pure cultures for cheese making is 
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still owing to our fragmentary knowledge of the-biologic 

reactions involved. In a few cases, however, cultures have proved 
very successful. The Institut Pasteur is placing cultures on the 
market for ripening Camembert cheese. Camembert cheese made 
in this country is also ripened by the aid of cultures. Cultures of 
lactic streptococci are used in Holland for making Edam cheese; 
in Switzerland cultures of lactobacilli are use<i for making Em- 
menthaler cheese. It is not unreasonable to assume that in the 
course of time a variety of cheeses will be made under one roof, 
where the manufacture will l)e controlled by the use of special 
cultures. It has happened, however, in places where more than 
one type of cheese is prepared that so-called “bastards” have 
resulted by accidental contamination of one kind of cheese with 
cultures intended for another. 

Bacteria of cheese originate from the milk, rennet, water, air, 
and utensils. Bacteria from the milk are obviously the most 
important. As to the bacteria from rennet, the number and 
kinds depend upon the kind of rennet used. In European rennet 
there are millions of bacteria, and among them lactobacilli. This 
rennet is prepared by making an extract of calves’ stomachs with 
sour whey. Lactobacilli are numerous in the digestive tract of 
calves and in sour whey. They are, therefore, present in the ren¬ 
net extract. Rennet usckI in this country is prepared by extraction 
of the fourth stomach of a calf with salt solution ahd contains a 
negligible number of bacteria. Rennet extract contains a pepsin¬ 
like enzym which digests casein when acid is present. This 
enzym is activated by the lactic acid contained in the curd. 

Bacteria from water, air, and utensils do not assume impor¬ 
tance if proper cleanliness is exercised. If such cleanliness is neg¬ 
lected these bacteria may cause the cheese to be of inferior quality. 

The distribution of bacteria in cheese is fairly uniform in initial 
stages of ripening, but later on they are more concentrated in some 
places than in others, so that ripening does not proceed uniformly 
throughout the cheese. Streptococci and lactobacilli are most 
prominent in inner portions, while micrococci are common on the 
outside. In ripe Cheddar cheese there are chiefly lactobacilli, 
while in fresh Cheddar cheese streptococci are predominant. 
When the curd is prepared 70 to 80 per cent, of the bacteria in 
the milk are enclosed in the cheese. When the curd is pressed, 
however, some of these bacteria are expelled with the whey. 
Lohnis states that in young Emmenthaler cheese 600,000,000,000 
bacteria are present in 1 gram of the slimy outer layer, and that 
this layer consists almost entirely of bacteria. Lactic strepto¬ 
cocci are by far the largest group of organisms present in “green 
cheese.” They act on the milk-sugar which remains dissolved in 
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the moisture of the curd and gradually decompose it. After a 
few days there is usually no milk-sugar left. 

The fat is also enclosed in the curd, while the whey rarely 
contains more than 1 per cent, of fat, usually less. •, 

As to the number of bacteria in cheese, the following figures 
are instinctive; 


Eaunentbftler cheese (Lefanis’ Handbuch). 

Fresh. 750,000 

After 8 days. 1.500,000 

After 14 days. 8.600.000 

After 27 days. ... 40.600.000 

After 71 days. 28,800,000 

After 91 days. 19,100,000 

After 138 days. 550,000 


Cheddar cheese (Harding and Prueha). 

After 6 hours. 10,000,000 

After 1 day. . .... 30,000,000 

After 10 days . 40,700,000 

After W) days ♦ . . 10,200,000 

After 160 daj^ ... 500,000 


The ripening temperature influences the number of bacteria, 
as the following table illustrates (Harrison and Connel): 


Days. 

1 . 

8 . 

18. 

29. 

54. 

71-72. 


60*-67*F. 

523,000,000 

26.3,000,000 

145,000,000 

07,000,000 

12 , 000,000 

4,100,000 


37*-40.5^ F. 
523.000,000 

489,000.066 

475.000,000 

471,000.000 

473,000,000 


64^-67“ F. 
635,000,000 
273,000,000 
264,000,000 
175,000,000 

32,000,000 


38‘’-40.5'* F. 
635,000,000 
520.000,000 
475,000,000 
494,000,000 
253,000,000 
255.000,000 


According to these figures, there is an initial period, during 
which the number of bacteria increases materially. This period 
is followed by a decline in bacterial population, so that in fully 
ripened cheese the number of bacteria is relatively small. Re^ 
cent work on the bacteria in cheese seems to indicate that these 
conditions do not always obtain. Eldredge and Rogers, for 
example, give the following figures: 


17. 


s. 




w. 


BACTERIA IN CHEBSE AT DIFFERENT AGES 


Age of cheese. 

Tot&! Dumber of bacteria. 

Weeks. 

millioDS per gram. 

3 

44 

5 

36 

7 

68 

9 

48 

11 

47 

20 

7.6 

6 

36 

8 

29 

10 

77 

12 

55 

14 

39 

23 

39 

2 

147 

4 

136 

6 

216.5 

7 

91.5 

7 

90.5 

11 

123 

12 

50 

Da^. 

1210 

5 

97 

14 

380 

19 

260 

26 

140 

33 

210 

41 

250 

54 

130 

75 

310 
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Tbe culture-medium used for determining the number of bac¬ 
teria is of importance, and may materially influence the result. 
Eldredge and Rogers found that lactobacilli increase in number 
during the ripening period of Emmenthaler cheese, and thrae 
would be overlooked if ordinary media were used. Special media 
are necessary to demonstrate the presence of lactobacilli. It is 
probable, therefore, that our notions concerning the number of 
bacteria present in cheese at different periods of the ripening 
process will.have to be revised. Esten and Mason found lactc^ 
bacilli in Camembert, Roquefort, Neufchatel, and Gorgonzola 
cheese, and Evans,' Hastings, and Hart found Bacterium casei in 
Cheddar cheese. Bacteria of the group of lactobacilli have been 
frequently overlooked in dairy products because of the difficulty 
in cultivating them. Therefore it may be expected that they will 
be found, perhaps in large numbers, in many cheeses besides those 
mentioned. 

Frequently the curd is heated to about 55° C. This heating 
has an influence on the texture of the cheese. If not heated the 
curd is liable to be soft, and if heated to high temperatures it 
becomes hard. Heating has the additional advantage of destroy¬ 
ing many bacteria and eliminating abnormal fermentations. For 
example, members of the Bacillus coli group suffer by heating to 
55° C., so that gassy fermentation is not likely to occur. The 
lactic streptococci which survive produce acid in the curd by de¬ 
composing the milk-sugar. 

The chief decomposition products of milk-sugar in cheese are 
lactic acid and some volatile acids. The amount of acid in hard 
cheese is 1 to 1.5 per cent.; in soft cheese, 2 to 4 per cent. These 
figures represent the sum of free acid, acid phosphates, and 
casein, which is a weak acid. If lactic streptococci are not pres¬ 
ent in sufficient numbers to produce a relatively large amount of 
acid, gas is liable to be formed by the members of the Bacillus 
coli group. Gassy cheese is undesirable because large holes are 
formed and a disagreeable, bitter taste is developed. The cheese 
swells, and is known as being “swelled” or “buffed.” In the mid¬ 
dle portion of hard cheese conditions are anaerobic, so that strep¬ 
tococci and lactobacilli find favorable conditions for their growth, 
while in soft cheese a small amount of oxygen remains in the 
central portion. After all milk-sugar has been converted into 
acid, conditions are ripe for the growth of molds, yeasts, and 
liquefying cocci, which gradually neutralize the acid until in some 
cheeses the reaction becomes alkaline. 

Digestion of casein commences in green cheese, if not earlier 
in the milk. The acidity prevents peptonizing bacteria of the 
Bacillus Bubtilis group from acting, but liquefying, acid-producing 



618 


ItOK 


micrococci begin to peptonize the casein. The pepsin ferment 
contained in rennet is activated by the acid, and other enzyms— 
galactaae, for example—produce proteolytic decomposition. In 
hard cheese the casein is decomposed in lesser degree than in soft 
cheese. The latter ultimately may become semiliquid. The de¬ 
gree of decomposition is measured chemically by determining the 
relative quantities of soluble nitrogen, amino-acids, and am¬ 
monia. The amount of acid present is an important factor influ¬ 
encing protein decomposition in cheese. As soft ch^se contains 
much whey, there is a large quantity of acid in the central portion, 
and ripening is slower here than at the outside. When the outer 
portion has become transparent through proteolysis, the inner 
part is still opaque and white for some time. Decomposition of 
cheese is carried on by liquefying aerobic micrococci, lactobacilli, 
and molds. It was thought formerly that anaerobic and aerobic 
spore-forming bacteria were active, but these have been found to 
be of little or no consequence. The digestion of protein in che^ 
frequently leads to the formation of amino-acids. In Emmen- 
thaler cheese a large number of amino-acids have actually been 
demonstrated, and the cheese owes its sweetish taste to their 
presence. 

Dox found the following substances in Camembert cheese: 
Caseoglutin, protocaseoses, deuterocaseoses, peptones, histidin, 
arginin, lysin, glutaminic acid, tyrosin, and leucin. He did not 
find paranuclein, tryptophan, indol, skatol, mercaptan, hydrogen 
sulphid, and phenols. There is, therefore, no putrefaction in 
Camembert cheese unless ripening is allowed to go too far. The 
author concludes that the digestion is an ereptic one, and tliat the 
enzym isolated from Camembert mold is a vegetable ereptase. 

The fat is but slightly broken up in some cheeses, while in 
others decomposition is pronounced. Volatile acids are formed, 
and these are responsible for flavor. The decomposition of fat 
may go so far as.to impart a rancid taste and odor to the cheese. 
Fat decomposition is carried on by aerobic bacteria or molds. It 
commences, therefore, on the outside. If a mild cheese is desired, 
• cheese is ripened in large bulk, so as to offer a relatively small 
surface to the air. The rind is sometimes specially protected 
against the air by a coat of paraffin. In Edam cheese the same 
object is sought by drying the ripe cheese in the sun, rubbing it 
with linseed oil, and coloring with Berlin red or annatto. If a 
strong taste is desired cheese is ripened in small pieces and thus 
a large surface exposed to the air. Among the products of fat 
decomposition are: alcohols, esters, acetic, butyric, propionic, 
caprionic, valeric, formic, and acetic acids. Volatile acids impart 
the characteristic cheese odor. Currie decided that the peppery 
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taste of Roquefort cheese is caused by the formation of hydro¬ 
lyzable sdts of caproic, caprylic, and capric acids. PenicUlium 
roquefortii produces a water-soluble lipase which decomposes the 
fat, with the formation of the acids mentioned. 

The initial stage of cheese ripening is more or less alike in all 
cheeses. There is always acid present and peptonization com¬ 
mences early. There are some differences even in early stages. 
For example, in Emmenthaler cheese a large quantity of acid is 
not desirablej although the use of cultures of lactic acid bacteria 
is quite general, while in Cheddar cheese tlie presence of much 
acid is of importance. After the first stage of ripening, processes 
begin to differ materially in the many types of cheese. All 
manipulations are calculated to favor the development of the 
kind of micro-organism wliich produces the particular type of 
cheese. Cheddar cheese is ripened at low temperature; for Em¬ 
menthaler cheese the curd is heated; salt is worked in with the 
curd in Cheddar cheese; in Enunenthaler no salt is added at first, 
but is placed on the outside from time to time. That these and 
other methods of treating cheeses are important for microbial life 
is a matter of recent understanding, but one long experienced. 
However, since it has been understood that micro-organisms are 
the chief agencies in cheese ripening the reasons for different 
manipulations have become apparent. With the aid of the re¬ 
sults of scientific investigations conditions can be regulated with 
more precision that heretofore. 

Emmenthaler cheese is not perfect without holes, commonly 
called “eyes.” The formation of these holes occurs at relatively 
high temperatwe. After a period of ripening at low temperature 
the cheese is placed in a room with a higher temperature to favor 
hole formation. In Cheddar cheese holes should not form, and, 
therefore, it is ripened at low temperature to the end of the process. 

In the presence of much acid, peptonization proceeds rather 
slowly, but during later stages of ripening, when the acid is neu¬ 
tralized in whole or in part by the activity of molds and bacteria, 
peptonization is more rapid. When the fresh curd contains but 
a small amount of acid there is usually a secondary acid fermenta¬ 
tion later. 

Cottage cheese and buttermilk cheese are simple to prepare 
and require httle if any ripening. Cottage cheese is usually made 
from skimmed milk and is a nourishing, palatable food, especially 
when sweet or sour cream is mixed with it. One gallon of sUnuned 
milk furnishes about li pounds of cottage cheese. According to 
Matheson and Cammack, cottage cheese can be prepared as fol¬ 
lows: Sweet skimmed milk is set aside at a temperature of about 
76° F., and after it has coagulated, which process takes about 
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thirty hours, it is cut into 2-mch squares and stirred with a spoon. 
The vessel containing the clabber is placed in hot water and kept 
at 100° F. for thirty minutes, with an occasional stirring applied. 
The curd and whey are then poured into a cheesecloth bag and 
hung so that the whey is strained off. The curd is worked toward 
the center of the bag with a spoon. The cheese is finally removed, 
a teaspoonful of salt per pound added, and cream mixed with it 
to suit the taste. Cottage cheese can also be made by using sweet 
skimmed milk with addition of rennet. Rennet pheese has a 
finer texture than sour milk cheese, is made in a shorter time, 
and less curd is lost in the process. Dahlberg recommends the 
use of pasteurized milk for making cottage cheese. 

Buttermilk cheese is made by coagulating buttermilk with 
heat. Sammis states that buttermilk cheese is superior in text¬ 
ure and flavor to cottage cheese, and can be sold with profit 
for half the price. Its food value is equal to that of lean beef¬ 
steak. 

Cottage and buttermilk cheese are not ripened cheeses in the 
commonly accepted sense. The bacteria and molds which are 
active in producing fully ripened cheeses have been studied ex¬ 
haustively in a few instances, and cultures are now used for the 
manufacture of several types of cheese. Camembert cheese has 
been studied more thoroughly than any other type and the micro¬ 
biology of several others is fairly well understood, as Emmen- 
thaler, Cheddar, and Roquefort cheeses, for example. 

Emmenthaler cheese has been studied by several European 
and American investigators. The chief groups of micro-organ¬ 
isms are the common lactic acid bacteria, liquefying micrococci, 
and lactobacilli. The holes or eyes in this cheese are of particular 
interest and the number and size of the holes serve as a guide for 
judging its quality. A “blind” cheese, that is to say, one with¬ 
out holes, is of small value in the market. Formerly it was be¬ 
lieved that these holes were caused by gas formed from milk- 
sugar by bacteria of the Bacillus coli group. This theory is not 
tenable, since milk-sugar disappears within a few days after ripen¬ 
ing commences, while holes appear at later stages of ripening. The 
theory now held by some is that propionic acid bacteria decompose 
calcium lactate, with formation of gas, and that this gas fonns the 
holes. The calcium lactate is formed by lactic acid combining with 
the calcium of casein. According to Clark, the gas consists of carbon 
dioxid and nitrogen. The nitrogen gas is derived from air origin¬ 
ally contained in the curd and is not produced by bacterial action. 
Eldredge and Rogers could not find propionic acid bacteria in 
three samples of Emmenthaler cheese made in Wisconsin. They 
did find them by the same bacteriologio methods in a special 
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cheese with which they worked. In regard to the bacterial flora 
in Emmenthaler cheese the authors stated that the cultures iso¬ 
lated could not be grouped by fermentation tests, but were sharply 
differentiated by morphologic characters into cocci, long rods, 
and short rods. The rods included typical cultures of Bacillus 
bulgaricus and also all gradations between typical cultures and 
those producing no acid in milk. In young cheese short rods 
were present almost exclusively. They decreased slowly in num¬ 
ber as ripening progressed, while the long rods increas^. After 
six to eight w^ks both groups were present in about equal numbers. 
At the end of the ripening period the long rods were predominant. 
These long rods produce a small amount of proteolysis. 

Extensive studies of American Cheddar cheese were made 
by Evans, Hastings, and Hart. The authors believe that the 
factors involved in ripening of Cheddar cheese are: 1, pepsin con¬ 
tained in the rennet; 2, lactic acid formed by lactic acid bacteria 
from milk-sugar, the acid activating the pepsin; 3, the enzym 
galactaae, and 4, certain biologic agents other than those simply 
concerned in the first lactic.acid fermentation. In Cheddar cheese, 
as in Emmenthaler, three groups of organisms are active, namely: 

1, lactic acid bacteria of the streptococcus group; 2, lactobacilli, 
and 3, micrococci. By studying different groups after inocula¬ 
tion into 300 c.c. of sterile milk and after incubation for four 
months the authors found the following substances: formic, 
acetic, caproic, propionic, butyric, citric, and lactic acids. The 
lactobacilli produced large quantities of lactic acid, both active 
and racemic. This group is also held responsible for the pungent 
taste which develops during the later ripening period of Cheddar 
cheese. 

Among the soft cheeses, Camembert has received the greatest 
amount of attention. The Institut Pasteur prepares the sets of 
cultures for making this cheese, namely: 1, lactic acid bacteria; 

2, yeasts, Oidium lactis and Penicillium camemterti, and 3, 
jiptonizing micrococci which produce a reddish pigment. The 
procedure with these cultures is as follows: The milk, which should 
be pasteurized, is inoculated with the culture of lactic acid bac¬ 
teria and ripened at 18“ to 20“ C. When ripe. Culture 2 is mixed 
with the milk and the cgsein precipitated with rennet at 26“ C. 
Salt is then added and the curd placed in a dry room at 13“ to 
15“ C. The cheeses are turned frequently until covered with a 
layer of mold. They are then placed in ripening cellars at 7“ 
to 8“ or 10“ to 12“ C. At the lower temperature the process is 
slower than at the higher one, but the product is of better quality. 
The red peptonizing bacteria (Culture 3) are cultivated in milk, 
and the rush mats which are placed under the cheese are soaked 
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io the culture. Before soaking the mats should be boiled and 
dried at high temperature (70° to 80° C.). After soaking in the 
milk culture for half an hour the mats are placed in the ripening 
cellar and the surface smeared with moldy cheese. The red cocci 
multiply rapidly and soon break through the layer of cheese. The 
curd which now contains lactic acid bacteria, yeasts, molds, and 
Oldium lactis is placed on the mats and the ripening process pro¬ 
gresses rapidly. The balance of the milk culture of micrococci is 
sprinkled on the walls of the cellar. 

In this country Thom has given much time to the study of 
Camembert cheese. He describes the stages of ripening as fol¬ 
lows: First two weeks: Cheeses enter the ripening room on the 
third day after making. They usually become sticky, with evi¬ 
dence of Oldium lactis, and often with the smell of yeast, within 
three or four days. In five or six days threads of Camembert 
mold appear. In nine to twelve days the .colonies of Camembert 
mold show traces of colored spores. The colonies of the Camem¬ 
bert mold appear as patches on the side or edges or as a light 
covering well distributed, but they should not form a heavy felt 
all over. Uncovered areas should show a marked slimy, reddish 
covering. If the room is too wet, oidium, yeast, bacteria, and 
mucor may displace the Camembert mold. Soon in normal 
ripening the slime-forming organisms are covered by the my¬ 
celium of the Camembert mold. This mold extracts water from 
the surface and the rind becomes too dry for the slime-forming 
bacteria. At the end of two weeks’ ripening the rind of the 
cheese should be well established and the first traces of softening 
appear. If the rooms are kept cold every stage of ripening may 
require double the amount of time needed at 52° to 56° or 58° C. 
Cheeses low in water content require more time than those with 
high percentages of water. 

Third week: During the first two weeks little or no change in 
the sour curd is noticeable. A piece of litmus paper pressed against 
the cut cheese will show an acid reaction, although surface kyers 
for perhaps i inch may test alkaline. Ripening proceeds more 
rapidly during the third week, and the curd just below the rind 
softens. The line between the sour and ripened curd is a fairly 
sharp one, as shown by the softening of the texture. Ripe cheese 
is usually neutral or alkaline to litmus, although occasionally it 
may be acid. 

When this softening becomes noticeable at the edges of the 
cheeses they must be removed from the matting, otha-wise the 
rind may peel off and adhere to the matting. They are then 
placed on ripening boards and turned once a day to secure uni¬ 
formity of ripening. The time required depends largely upon the 
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temperature at which the cheese is'ripened. At about 60' F. 
cheese ripens ahnost completely in twenty-one to twenty-four 
days, while at 50° to 54' F. it may take twice as long. Cheeses 
ripened rapidly decay rapidly. Cheese which has ripened for a 
long period retains its condition for a long time. Usually after 
three weeks of ripening the cheeses are wrapped in parchr 
ment paper or tinfoil and placed in boxes. TinfoU wrapping 
prevents evaporation, hastens ripening, produces a more liquid 
cheese, and leads to strong odors and flavors. Fully ripe cheese 
is of the consistency of moderately soft butter or may be soft 
enough to run. The cheeses are sent to the market when ripen¬ 
ing has progressed to a stage where softening extends about J 
inch from the surface. Ripening is finished in cellars of dealers or 
those of hotels or caf6s. 

The ripening agents, according to Thom, are Penicillium cam- 
emberti, or its white form P. camemberti var. rogeri, Oidium lac- 
tis, and species of bacteria which, with Oidium lactis, take up the 
reddish slime. The properties of Camembert cheese are due to 
complex chemical changes of the casein, while the fat is little 
affected. The Camembert mold causes the changes in texture, 
while Oidium lactis and the red slime-forming bacteria produce 
the flavor. Therefore the presence of red slime on a cheese is a 
criterion of a good quality. 

A bluish-green layer on Camembert cheese indicates either 
contamination with a green penicillium or an overproduction of 
spores of the Camembert mold. In both cases the cheese is of 
poor quahty. 

Roquefort cheese is harder than Camembert cheese, but not 
as hard as Emmenthaler or Cheddar cheese. Ripening of Roque- 
fwt cheese is due to the action of lactic acid bacteria and a green 
penicillium which has been thought to be identical with P. glau- 
cum, the common green mold. It seems, however, that the Roque¬ 
fort cheese mold is a variety closely related to P. glaucum. The 
acid curd is placed in caves which have been used for ripening the 
cheese, and many fine holes are punched into the curd by means 
of a special instrument. The Roquefort mold spores enter these 
holes and ripening begins. The holes also serve the purpose of 
admitting air which is needed for growth of the mold. The 
curd may be mixed with moldy bread which has been dried and 
pulverized. Ripening is very uniform throughout the cheese. 
The texture is soft and crumbly and the taste peculiarly sharp. 
Roquefort cheese is most commonly prepared from sheep’s or 
goat’s milk, but cow’s milk is also used. The characteristic green 
marble-like appearance of the cheese is due to colonies of the 
mold. Gorgonzola, Stilton, and Brinsen cheeses are similar to 
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Roquefort cheese, and are ripened by lactic acid bacteria and a 
green mold. 

Brie and Isigny are cheeses similar to Camembert cheese. 
The curd is prepared much as is the Camembert curd, but the 
micro-organisms concerned in the ripening process are differmrt. 
These cheeses have not been studied to a great extent and the 
microflora has not been precisely determined. The French Brie 
cheese is ripened by groups of micro-organisms similar to those 
producing Camembert, but the American product is quite different. 

Cheese made from goat’s milk has a darker color than most 
other cheeses, and has a strong odor and taste which appeal to 
the tastes of some people. 

Abnormal Cheese 

One of the most frequent abnormal forms of cheese is gassy 
cheese. Gas formation militates against good taste and appear¬ 
ance. Gassy cheese may have either too many small holes or a 
few very large ones. Manurial pollution of milk or old rennet 
are responsible for gassy cheese in most instances. Gas formation 
is caused by lactose fermentation caused by members of the 
Bacillus coli group of bacteria or closely related bacteria, as, for 
example, the organism described by Moore and Ward, which 
not only produced a gassy cheese but also a taint. Bacteria of 
this group are rarely present in the udder, but can be found in 
nearly all milk after it has been drawn. If present in large num¬ 
bers, as in dirty milk, they may gain ascendency over lactic acid 
bacteria unless these are scarce. Heating of the curd, pasteuriza¬ 
tion of the milk, and salting of the curd are preventive measures. 
Sammis has found that in the presence of lactic acid bacteria the 
gas produced by the Bacillus coli group is retained in the curd, 
while in the absence of lactic acid bacteria most of the gas formed 
escapes. Doane and Eldredge came to the conclusion that gas 
formation is prevented by the presence of Bacillus bulgaricus, 
but not that of the common lactic acid bacteria. 

The Wisconsin curd test (see page 210) is especially designed 
to aid the cheese maker in determining the quality of milk as 
regards possible gas formation. The curd may appear chiefly in 
five types, as follows: 

1. The curd remains fluid with a sweetish or slightly bitter 
taste, or but slightly sour with a bitter taste. This happens 
when exceptionally clean milk is used and results from interaction 
of Streptococcus lacticus. Bacillus coli or B. aerogenes, and 
various micrococci. 

2. The curd is gelatinous and may show streaks of gas. A 
anooth gelatinous curd is due to action of Streptococcus lacticus. 
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If Bacillus coli or B. aSrogenes is present enough gas is formed 
to cut small holes in the curd. The B. subtilis group may also 
produce a smooth coagulum, but this is redissolved later. 

3. The curd may be granular, with whey enclosed and fissures. 
This shows the presence of Bacillus coli, Streptococcus lacticus, 
and liquefying cocci. 

4. The curd adheres to the walls of the vessel and the whey is 
greenish white and has a sharp, sour taste. The Bacillus coli 
group and micrococci are well represented. 

5. The curd is heavily charged with gas-bubbles and rises to 
the surface (floater or floating curd). Large numbers of the 
Bacillus coli group are present. 

Of course these are only types, many variations being p(),ssible. 

The catalase test (page 237) is of use to the rhce.se maker in 
discovering abnormal conditions in milk. This t('st shows the 
presence of colostrum milk, old milk, milk derived fnjm cows 
near the end of lactation, or milk from discasc'd cows. Milk 
from cows suffering from udder di.sease or gastro-intestinal dis¬ 
turbances gives a positive catalase test. 

In some cheese factories a small amount of potassium nitrate 
is added to the milk to prevent gassy fermentation. The amount 
necessary is from 0.04 to 0.1 jjcr cent. Potassium nitrate protects 
the milk-sugar against attack by Bacillus coli or B. aerogenes, as 
they derive their oxygen supply from the nitrate instead of the 
milk-sugar. 

A not uncommon trouble with cheese is the appearance of 
small yellowish-red spots or patches, the so-called “rusty spot. 
As a matter of fact, these spots are more common than is generally 
supposed, but frequently the color of the spots is so light that 
they are covered by the coloring-matter often added to the cheese. 
The “rusty spots” are colonies of bacteria, variously named-Bac¬ 
terium casei fusci. Micrococcus chromoflavus, and Bacillus 
rudensis. B. rudensis is probably more frequently the cause of 
rusty spots than the others. 

Yellow color and white spots in Cheddar cheese are due to the 
action of Bacillus coli and torula;. 

Bitter cheese is caused by several bacteria and torulse. Freud- 
enreich’s Micrococcus casei amari and Harrison s torula amara 
have been isolated from bitter cheese. Harding, Rogers, and 
Smith found a short bacillus as the cause of a bitter taste in Neuf- 
chatel cheese. 

The annie authors ascribe the sweet or fruity flavor, which 
causes an annual loss of at least $10,000 worth of Cheddar cheese, 
to the presence of yeasts, although yeasts are rarely found in 
normal Cheddar cheese. 


40 



626 


lauK 


Blue cheese occurs sometimes as a rault of ba^nal action 
or fi a chemical process. If the whole surface « covered it 
"due” ‘Chemical process resultmg from the use.of iron vessels. 
The lactic acid takes up some of the iron, which is then precipi¬ 
tated as a dark blue substance, with the evolution of some hydro¬ 
gen sulphid. Copper from copper vessels also may <&solve and 
cause coloration of the cheese. Blue spots are sometimes caused 
by Bacillus cyanofuscus, which occurs in surface waters. Iron 
bacteria also may cause the formation of bluish-black, spots. 

As a carrier of disease germs cheese is not very important. 
As a rule, cheese is consumed after a long period of ripening, and 
pathogenic bacteria do not survive exposure to adverse conditions 
such as are found in cheese making. The acid and the competition 
of enormous nurnliers of saprophytic micro-organisms act un¬ 
favorably on disease germs. Mohler, however, has stated that 
tubercle bacilli were found in (Cheddar cheese when four months 
old. There is some menace to health in cheese which is con¬ 


sumed fresh, such as cottage cheese, for example. Pasteurization 
of the milk used for this class of cheeses is, therefore, advisable. 

Schroeder and Brett express their opinion of the possible in¬ 
fectiousness of cheese in the following words: 

“1. We may safely say, and we say it with great satisfaction, 
that cheese of the kind which requires some time to ripen rarely 
if ever contains true living, pathogenic bacteria when it is mar¬ 
keted, and it does not seem likely that such cheese is apt to con¬ 
tain dangerous products of bacterial origin. 

“2. Cream cheese, which is an elegant, palatable, nutritious 
article, recommended by many physicians as excellent food for 
children and invalids, uptil quite recently was heavily contami¬ 
nated with tubercle bacilli of the bovine type, or tubercle bacilli 
of the kind which have their origin in the bodies of tuberculous 
cattle.” 


Poisoning after the consumption of cheese has been reported. 
The symptoms are nausea, vomiting, and diarrhea, followed by 
general weakness. There are different theories as to the cause 
of such sickness. In a few cases a poison has been found in the 
cheese, and this was called tyrotoxin (Vaughan and Perkins). 
In other cases the origin of the poison was ascribed to strains of 
Bacillus eoli which were held responsible for diarrhea in cows and 
which gained access to the milk. Again, it has been believed that foi> 
mation of ptomains, such as putrescin and cadaverin, or formation 
of hydrogen sulphid and indol have been responsible for poison¬ 
ing. These substances are not supposed to be intensely poison¬ 
ous and are probably the cause of untoward symptoms only whmi 
real putrefaction has taken place, so that they are present in lela- 
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tively large quantity. Perhaps evm small amounts may affect 
people with weak digestive organs. The causes of cheese poison¬ 
ing are still obscure, and precise observations are desirable. Pos^ 
sibly the presence of bacteria of die Bacillus enteritidis group may 
be responsible for some cases of cheese poisoning. 

Bacteiiologic e x a m i n ation of cheese is accompanied by some 
difficulties, the most important of which is the proper selection of 
culture-media. It is obvious that the use of ordinary laboratory 
media may^lead to erroneijus results, since some bacteria do not 
grow on them. Lactobacilli, for example, grow but poorly, some 
strains not at all, on ordinary media. Eldredge and Rogers, in 
their studies of Emmenthaler cheese, used a medium prepared in 
the following manner: 

“(a) Heat skimmed milk to the boiling-point and add 20 c.c. 
of 10 per cent, lactic acid per liter of milk. 

“(b) Filter, and add to the filtrate: pepton, 1 per cent.; beef 
extract, 5 per cent.; agar, 1.2 per cent. 

“(c) Heat to the boiling-point until the agar is melted. 

“(d) Correct the reaction to —1.2 per cent., using phenol- 
phthalein. 

“(e) Cool to 45° C. and add the white of one egg to each liter. 

“(/) Heat to 100° C. for forty-five minutes and filter through 
cotton. 

“(g) Correct reaction if necessary, tube, and sterilise three suc¬ 
cessive days in the Arnold.” 

The authors state that cultures of the Bacillus bulgaricus type 
form good-sized colonies on this medium in four to five days at 
30° C. 

A .suitable medium for growth of bacijli of the Bacillus bulgari¬ 
cus type was used by the writer and Hefferan. This is prepared 
in the following manner: 

Certified milk is skimmed and heated. When near the boil¬ 
ing-point a few drops of acetic acid are added to coagulate the 
casein. The serum is filtered off and enough sodium hydrate 
solution added to make the reaction 1 per cent, acid to phenol- 
phthalein. Then 1 per cent, pepton and 2 per cent, dextrose are 
dissolved. In this solution 1.5 per cent, agar is dissolved by 
heating, and the medium clarified with the whites of eggs. Then 
it is tul^ and sterilized in the autoclave. At temperatures from 
37° to 45° C. bacilli of the BaciUus bulgaricus type develop large 
colonies in about two days. 

For isolation of the majority of bacteria in milk or milk prod¬ 
ucts Ayer’s casein agar is an excellent medium. The preparation 
of this medium has been given on page 416. 

SuTnpW of cheese for bacteiiologic examination should be 



628 


MILK 


taken with sterile cheese samplers or cheese triers. For comr 
posite samples each portion of the cheese should be represented. 
Before making plates the sample is emulsified in sterile physiologic 
salt solution. 

For chemical examination of cheese a wedge-shaped piece is 
cut from the outside to the center. This is passed three times 
through a sausage-grinding machine. When the cheese cannot 
be cut, samples are taken with a cheese trier. Several plu^ are 
taken and mixed. 

Determination of Moisture. —Mix 2 to 5 grams of the mixed 
sample with some porous material and heat in a water oven for 
ten hours. 

Determination of Ash. —Determine the same way as in butter. 
Determination of Nitrogen Compounds. —Follow the procedure 
used for milk. 

Determimtion of Fat. —The fat can be conveniently deter¬ 
mined by the Babcock method. Weigh 6 grams of the sample in 
a tared dish and add 10 c.c. boiling water, with a few drops of 
ammonia. Stir the mixture until a perfect emulsion has been 
formed. Add one-half of the usual amount of sulphuric acid and 
transfer to a Babcock bottle. The other half of the sulphuric 
acid is used for washing out the beaker. Then proceed as w'ith 
milk. Multiply the reading by 18 and divide by the weight of 
the sample to obtain the percentage of fat. 
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ICE-CREAM AND ICES 


Ice-cream is a term applied to a variety of frozen products, 
but commonly means a frozen mixture of cream, milk, sugar, eggs, 
condensed milk, and flavoring substances. Ice-cream is usually 
eaten as a delicacy and not as a food, although it contains a large 
amount of valuable nutritive material. The French say “crgme 
glac6” or “glace k la crtoe,” which means cream-ice, a term which 
preceded that of ice-cream, the latter being of relatively modem 
origin. The French recognized two kinds of frozen desserts, 
namely, frozen water with fruits and ices with cream. Until it 
was introduced into England ice-cream was never made from 
cream alone; then frozen flavored and sweetened cream was pre¬ 
pared for the first time. The mixture was not agitated when 
freezing, but that part of the mixture which had congealed on the 
sides of the vessel was removed. The modem ice-cream freezer 
is an American invention and was introduced about seventy years 
ago. Since that time the consumption of ice-cream has increased 
enormously. 

• Modern frozen dainties are the result of evolution, probably 
occurring simultaneously in different parts of the world. The 
brief recital of the development of modern ice-cream which is 
given here is an abstract of an article by Washburn, published in 
Bulletin No. 155 of the Vermont Agricultural Experiment Station. 

Cool beverages are used chiefly during the warm season and 
in hot climates. During biblical times the Jews, Greeks, and 
Romans cooled wines and other beverages by adding snow, and 
this practice still prevails in parts of Spain and Turkey. The 
snow is obtained from snow-capped mountains, and in localities 
where snow is not available the beverages are placed in porous 
jars and urns, then exposed to cool breezes, or air currents are 
created by swinging the jars. 

History relates that Alexander the Great used iced beverages, 
and that Henry the Third of France had snow and ice served at 
his table. The Italians introduced a solution of saltpeter in the 
snow and ice, and later dropped that salt directly into the snow 
and ice in which the vessel containing the beverage was revolved. 
The saltpeter materially reduced the temperature of the freezing 
mixture so that the beverage became partly solid. 

Water-ices were first used in Italy, and were introduced into 
France about 1550 by Catherine de Medici. Whether the use of 
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cream for frozen dainties is of later date than that of water-ices 
is not known. It is reported that a book which contained a 
recipe similar to that for ice-cream was published in Rome by 
Quintus Maximus Gurges. 

Water-ices and milk-ices were introduced into Europe from 
Asia by Marco Polo, and “cream ice” was served at the court of 
Charles the First of England. The chef of Louis the Fourteenth 
of France at an entertainment served a cold, solid sweetmeat in 
the shape and color of an Easter egg. 

In 177^ a French cook, Clermont, published in London a 
book in which directions for making sweet ices were contained. 
English cream-ices at that time were made of milk, sugar, eggs, 
arrowroot or flour, and flavoring extracts. Fancy molded creams 
were probably first made in Germany. 

In the United States ice-cream was first prepared in New York 
by Mr. Hall. Ice-cream was served at a dinner in Washington, 
of which dinner President Washington partook. In 1786 an 
advertisement appeared in the “Post Boy,” a New York publica¬ 
tion, stating that “Ladies and Gentlemen may be supplied with 
ice-cream every day at the City Tavern by their humble servant, 
Joseph Crowe.” 

The first wholesale ice-cream business was launched in 1851 by 
Jacob Frussell, of Baltimore. He was in the milk business, and 
utilized surplus cream for making ice-cream; this he sold at 60 
cents a quart. This side-line soon proved more profitable than 
the original milk business, which was then discarded. 

Ice-cream made in this country is in great demand in other 
countries and, consequently, steamers loading in New York t^e 
on this commodity for such distant countries as India, China, 
Japan, and Australia. 

“Fried ice-cream” was introduced at the World’s Fair in Chi¬ 
cago in 1893. This is prepared by dipping a cube of hard ice¬ 
cream into a thin fritter batter and then plunging it into hot fat. 
The pastry hardens quickly and the cream is not softened. 

Today such a large variety of ice-creams and water-ices are 
made that every preference can be satisfied. The total annual 
output is estimated at 100,000,000 gallons per year or 1 gallon 
per capita, representing a money value of $140,000,000, figured at 
a retail price of $1.40 a gallon. Instead of using ice, factories now 
generally run refrigerating machines for freezing their product. 

At present a great variety of ices and ice-creams are served in 
hotels and restaurants. The so-called French ice-cream is frozen 
without agitation, and is solid and heavy. American ice-cream is 
li^t and soft, due to the violent agitation in the freezer. A large 
volume of air is mixed with the ice-cream during the freezing proc- 
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ess, BO that the finished product occupies a larger space than the 
original mixture. This increase in volume, known as “swell” or 
“overrun,” may be as great as 80 per cent. While 1 gallon of 
French cream is made from 1 gallon of mixture, ne^Iy 2 gallons 
of American ice-cream are made from 1 gallon of mixture. 

Manufacturers use different formulae for ice-cream mixtures. 
The chief ingredients in American ice-cream are cream, unsweet¬ 
ened condensed milk, milk, sugar, and flavors. In French ice¬ 
cream eggs are also used and the mixture is cooked before freezing. 
This, in reality, is a frozen custard. The total solids m ice-cream 
are about 3.5 per cent. After the ingredients are mixed the fluid 
is kept in a cold room at about 35° F. and is then placed in a freezer. 
Here it is agitated and frozen to a semisolid consistency. When 
this stage has been reached the cream is filled into cans and 
placed in a refrigerator room at about zero F. for a period of 
twelve to twenty-four hours. The ice-cream ripens here, becomes 
hard, and the flavors blend. It is then ready for the market. 

The flavor of ice-cream is conditioned by the flavoring extracts 
added and the fat content. The higher the fat content, the richer 
the flavor, but beyond a certain limit the fat renders the ice¬ 
cream greasy and less palatable. Cream of 22 to_25 per cent, fat 
is most suitable. Below this amount the taste is lean, and above 
it the consistency is unfavorably affected. 

The quality of the cream and milk used in making ice-cream 
is of the utmost importance. The cowy taste of dirty milk or 
cream is quickly recognized in ice-cream. The acidity of the 
milk or cream used should never be above 0.25 per cent., expressed 
in lactic acid. 

Separator cream gives as good results as gravity cream. 
Homogenized cream is now used in many ice-creams. Homo¬ 
genized cream is cream which has l)een passed through a homo- 
genizer at a pressure of 3000 to 5000 pounds. The fat globules 
are dispersed so that they are very small and are difficult to 
separate even with a separator. A peculiar richness is imparted 
to the cream by this process, with the result that cream of 16 to 
17 per cent, fat content can be used and a product obtained which 
practically equals one made with the usual 22 to 25 per cent, 
cream. Experience has shown, however, that the addition of 
10 to 20 per cent, natural cream gives better results than the 
exclusive use of homogenized cream. 

Some manufacturers add a small amount of salt to the mix¬ 
ture, say, i teaspoonful to the gallon, as this seems to appeal to 
the palatre of many customers. 

Milk and cream used in the manufacture of ice-cream are now 
frequently pasteurized in order to prevent the possible spread of 
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infection. Pasteurized cream is held in a cool place for at least 
twelve hours, or longer, before it is used. During this period 
the viscofflty, which is largely destroyed by pasteurization, reap¬ 
pears. Viscosity is a vital quality of cream for ice-cream making, 
as without it the overrun is difl&cult to obtain. 

Ice-cream manufacturers give considerable attention to ob¬ 
taining a product which has the right “body” and “texture.” 
These terms are frequently confused and are defined by Washburn 
as follows: “The words ‘body’ and ‘texture’ are used in ice-cream 
making to mean two quite different things. Body is synonymous 
with structure or substance. It refers to the entire mass as a unit. 
Texture, on the other hand, has to do with the finer make-up of 
the article. The structure of table linen, for instance, consists 
of a smooth fibrous piece of cloth. Its texture, on the other hand, 
indicates a lot of closely woven threads. The one has to do with 
the mass characteristics, the other with the arrangement of the 
particles.” 

The body of ice-cream is conditioned chiefly by the milk solids. 
It is, therefore, the practice of many manufacturers to add evapo¬ 
rated milk to the mixture, by which process the smoothness and 
food value of ice-cream are incidentally and materially increased. 
Sometimes wheat flour, rice flour, or cornstarch are added, espe¬ 
cially when the cream is poor in fat. When rich cream is used 
such additions offer no advantage. 

Gelatin is also very generally used to improve the body of 
ice-cream. 

The aim of ice-cream manufacturers is to sell a product which 
is firm and mellow. 

The texture of ice-cream should l)e smooth and there should 
be no ice crystals present. The manner of freezing is important 
in this respect, as rapid freezing produces crystals, while slow 
freezing with violent agitation causes the product to be smooth 
and free from crystals. The agitation or “whipping” incorpor¬ 
ates a large amount of air with the mixture, frequently as much 
as 33 to 40 per cent. The addition of gelatin or such substances 
as gum tragacanth, eggs, etc., insures the stability of the texture 
and prevents the formation of crystals when the ice-cream stands. 
These substances are known as “stabilizers,” “binders,” “fillers,” 
and “colloids.” 

For ordinary creams gelatin is probably used more than any 
other substance as a filler. A very small amount is needed. If 
a good quaUty of gelatin is used, 4 ounces is a suflficient addition 
to 10 gallons of ice-cream mixture. The product is rendered 
smooth and does not become sandy or have a crystalline texture. 
Large quantities of gelatin are to be avoided, since they make the 
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ice-cream stiff, sticky and spongy, and influence the taste un¬ 
favorably. Poor qualities of gelatin should never be used, be¬ 
cause they both impair the taste of the product and usually con¬ 
tribute enormous quantities of micro-organisms. The gelatin is 
dissolved in hot water or, better, in hot skimmed milk before it 
is added to the mixture. 

Eggs are efficient stabilizers, and are used chiefly in French 
and Neapolitan ice-creams. They should be well cooked before 
they are used. 

Rennet coagulates milk and consequently produces a firm 
body and smooth texture. Gum tragacanth is also not infre¬ 
quently used as a stabilizer. A stock solution is made by soak¬ 
ing 1 ounce of gun; in 1 quart of hot water, and then dissolving 
3 pounds of sugar in the same. The sugar acts as a preservative, 
making it possible for the solution to remain usable for several 
weeks. One quart of gum tragacanth and sugar solution suffice 
for 10 gallons of ice-cream, according to Washburn. 

So-called “ice-cream powders” for producing a rich and smooth 
ice-cream are purchasable in the market. They consist of gelatin 
or gum tragacanth, or a combination of both. They are tritu¬ 
rated with six to ten times their weight of sugar, and are then 
dusted on the mixture l)efore freezing. Some ice-cream powders 
contain starchy substances as well, such as flour or cornstarch. 
Some even have powdered rennet mixed with other stabilizers. 
When wheat flour, rice flour, or cornstarch are to be used they 
should be well cooked before they are added to the mixture. 
Otherwise a granular texture may result. 

Sugar is always added to ice-cream mixtures, chiefly to in¬ 
crease the palatibility of the ice-cream. The quantity of sugar 
used amounts to about 14 per cent, of the finished product. 

The swell or overrun of ice-cream is due chiefly to the air 
which is incorporated during the freezing process by the violent 
agitation. The expansion of the cream also adds somewhat to 
the overrun. The cream should be viscid in order to retain the 
air. The swell adds to the palatability of ice-cream and fre¬ 
quently increases the volume of the product 80 per cent. Slow 
freezing with continued whipping increases the swell. 

Wa^burn states that the swell commences to form at 34“ F., 
and ceases to form at 27° F. The maximum is reached at 28.6“ F., 
but the cream should not be removed before the temperature 
has reached 28° F., otherwise some of the swell is lost by the loss 
of air. When the swell exceeds 80 per cent, of the mixture the 
body of the ice-cream deteriorates. In the chart (Fig. 235) Wash- 
bum illustrates the relation.of temperature to swell. 

A relative test for the quantitative determination of the 
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overrun was devised by Benkendorf, and is carried out as fol¬ 
lows (Bull. 241, July, 1914, Agri. Exper. Sta. of Univ. of Wis¬ 
consin): 

“The apparatus used in making the test consists of an ice¬ 
cream sampler, a 250 c.c. Florence flask, a 200 c.c. Florence 
flask, a funnel or a 250 c.c. beaker, a buret, and a 1 c.c. pipet. 
All of these, except the ice-cream sampler, can be readily obtained 
from any supply house. 

“The ice-cream sampler Ls a cylinder, about lA inches in 
diameter (inside measurements) and about inches long, pref- 
orably made of thin brass tubing. The sampler when filled 



TEMPESATUBE-SWEIX C1IABT 

Let the space between the lower straight line AA and the upper cunred line Bi) 
represent the space occupied by the mix before, during and after frewing. 1^ the 
figures below the lower straight line represent the temperatures of the mix taken at 
minute Intervals during the freexlng process. Now, assume that the dasher la being 
turned at a uniform rate of speed. Then, distance aa will be the volume of the mix 
at the temperature 40* and bb Us volume at 34*. at about which point the swell com¬ 
mences. It will be noted that the Increase in volume continues but alowiy at Mt, 
hot very abruptly after the mass has been beaten at the temperature z9 for about 
five minutes, reaching its maximum volume, (70% aw^) at about the temimriture 
28%* or at the point represented by the distance rc This crest Is reached at about 
the point of thorough freezing As the temperature falls to 28* the mass ^glna to 
become brittle and “beat down” to a point represented by disUnce dd with 60 % swell 
If the beating and hardening procesaee are continued, the mass will gradually beat 
□own as Indicated by the downward curve of the line. This figure is essentially ft 
diagram of averages. 

Fig. 2.35.—(Bull. 155, Vermont Agri. Exp. Sta., September, 1910.) 


should contain exactly 50 c.c. of ice-cream. For testing ice¬ 
cream that has been packed and has fully hardened the sampler 
should be provided with a handle. This type of sampler is also 
preferred where the ice-cream container has a small diameter. 
These samplers are open at both ends. The sampler for use 
with the continuous type of ice-cream freezer or for determinihg 
the swell of soft ice-cream Ls closed at the lower end. 

‘'Making the Overrun Test .—A sample of 50 c.c. of the ice¬ 
cream is obtained by pressing the sampler down into the hardened 
ice-cream until it is ^ntirely below the surface. Allow the sampler 
to remain there for a moment to get cold and withdraw the sampler 
and the ice-cream which it contains. By means of a case knife 
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or a piece of tin the protruding ice-cream can be removed from 
both ends of the tube. Where a continuous freezer is used, the 
sampler may be held under the spout of the freezer and filled with 
little difficulty. The sample is transferred from the sampler to 
the funnel, the stem of which is inserted in the neck of the 250 c.c. 
flask. In order to readily hold the 50 c.c. of ice-cream the open¬ 
ing of the funnel should be 3 inches in diameter. 

“To transfer the ice-cream from the funnel to the 250 c.c. 
flask it is melted by pouring over it exactly 200 c.c. o{ hot water. 

“In case a funnel is not available, equally good results can be 
obtained by transferring the sample of ice-cream to a 250 or 300 
c.c. beaker. By using the hot water from the 200 c.c. flask it 
can be melted and then transferred to the 250 c.c. flask. 

“To Reduce the Foam .—All melted ice-cream contains more or 
less foam which appears in the neck of the flask and must be 
destroyed before it is filled to the 250 c.c. mark. The foam can 
be eliminated by introducing a measured amount of ether directly 
into it. Usually 1 c.c. of ether will suffice. As soon as the foam 
has disappeared the flask can be filled with water to the 250 c.c. 
mark. This is best done by means of a buret. 

“How Calculations are Made .—The number of cubic,centi¬ 
meters of water and ether used to bring the volume up to the 
250 c.c. mark represents the shrinkage which the 50 c.c. of ice¬ 
cream have undergone when melted. Subtracting this shrinkage 
from 50 gives the original volume of the mix before freezing. 
It is then an easy matter to determine the percentage of overrun 
simply by dividing the number of cubic centimeters of shrinkage 
by the number of cubic centimeters there were in the original 
mixture. This can be illustrated as follows: 


Sampb used . ... . .60 

Ethw used to reduce foam . I 

Water used to bring to 250 c c. mark . 16 6 

Water and ether (16 5 -f- I) . 16 5 

Volume mix before freeaing (50 — 16 5) . 33.6 

Percentage overrun (16.5 a- 33 5) . 49 9 


“Comparison of ResvMs .—The following data, obtained by A. 
C. Baer, in charge of the ice-cream work at the University of 
Wisconsin, show comparisons of the results obtained with this 
method and methods commonly employed: 


Bv W^ht 
Per cent. 


57.0. 

69.0. 

100.0. 

120 0.... 
28 0.... 
36.0..., 
90.0.,.. 
88.0 .... 
83.0.. . 


AMOUNT OF OVERRUN SHOWN 


. By New MeUtod. 

Per eent 

. 83.2 

. 57.2 

. 68.6 

. 100.0 

. 119.0 

. 97.8 

. 37.2 

. 91.0 
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Advantage of the New Method .—As previously stated, it is a 
matter of considerable importance for a manufacturer to know 
the amount of overrun which his ice-cream maker obtains, not 



Fig. 236.—Apparatus for testing ice-cream overrun. As both the yield 
and quality of the finished product varies with the amount of overnim its 
accurate determination is desirable. (Benkendorf, Univ. of Wis. Agri. Exp. 
Sta., Bull. 241, July, 1914.) 


only from a financial standpoint, hut from the standpoint of the 
quality of ice-cream produced. By this method the manufacturer 
is able, at any time, to determine 
the amount of overrun obtained 
by his ice-cream maker and to 
check up his work better from 
day to day, the importance of 
which is readily appreciated. 

The apparatus is simple, the ex¬ 
pense is small, and but little 
time is required to make the test. 

“A Few Precautions. — The 
glassware and the sampler should 
be correctly calibrated; any ice- pig 237 .— ice-cream aampler*. 
cream adhering to the outside of The kind for use with containers 
the sampler should be carefully diameter. (Benken- 

wiped off by means o£ a dry cloth 

or it might accidentally be transferred to the 250 c.c. flask. All 
of the hot water should be removed from the 200 c.c. flask to the 
250-c.c. flask.” 
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The freezer should be stop^ at 27° to 28“ F., when th^'iaream 
mixture has a consistency of condensed milk. The fat has no 
influence on the freezing-point, as it solidifies at a much higher 
temperature, but when a cream rich in fat is used the product is 
firmer than one made of lean cream. Flour and starches also do 
not affect the freezing-point, while eggs and gelatin depress the 
freezing, although so slightly that the effect is of no practical 
significance. Sugar, on the other hand, depresses the freezing- 
point materially. . 

If ice-cream were frozen without agitation, the different con¬ 
stituents, having different freezing-points, would separate. This 
separation is prevented by the whipping, although there is a be¬ 
lief among some ice-cream manufacturers that fat is “lost” during 
the freezing process. Figures published by Wyman seem to 
bear out this belief, since he found differences varying from 8 to 
28 per cent, fat in samples taken from the freezer at different 
periods, while the original mixture contained 18 per cent. fat. 
In an investigation made by Gordon and the writer the differences 
were so slight as to range within experimental error. It is true 
that in a preliminary series of tests some differences in fat content 
were found, but this was due to imperfect technic. During the 
ripening process it appeared that there was a slight movement 
of fat toward the center and top of the can, as shown by the fol¬ 
lowing figures: 


AVERAGES OF PERCENTAGE OF FAT FROM EIGHT CANS OF ICE.CREAM 


Kiod of sample. 

1-3. 

Per cent fat 

— Seriei number — 
4-8. 

Pa- cent. fat. 

1-8. 

Per cent fat. 

Bottom at edge . 

8 27 

7 98 

8 06 

Ceoter of bottom. 

8 23 

8 60 

8.46 . 

Hatfway to oestor of bottom . 

8.40 

8 98 

8.76 

Edn at top. 

Halfway to center at top. 

8.73 

9 00 

8.80 

8.80 

9.20 

6.05 

Center at top. 

8.43 

9 42 

9.05 

Average. 

8.48 

8 86 

8.70 


Washburn could find no difference in fat content between the 
portions taken at the top, middle, and bottom of the can which 
was held solidly frozen for a week, but he did fihd considerable 
differences in cream which had softened, as the following figures 
show: 


FAT CONTENT OF DIFFERENT PORTIONS OF SOFTENED ICBMIBEAM (WASHBURN) 



flMwpU {nai 


»■ - — ' Stmi^ No. - 
12 3 

28 22 10 

» 14 8 


4 « 
12 
8 ■ 

4 


These figures show a very material movement of the fat, and 
while the fat rises, the heavier substances—such as fruit, syrups. 
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day to day, the importance of 
which is readily appreciated. 
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time is required to make the test. 

“A Few Precautions. — The 
glassware and the sampler should 
be correctly calibrated; any ice- pig 237 .— ice-cream aampler*. 
cream adhering to the outside of The kind for use with containers 
the sampler should be carefully diameter. (Benken- 

wiped off by means o£ a dry cloth 

or it might accidentally be transferred to the 250 c.c. flask. All 
of the hot water should be removed from the 200 c.c. flask to the 
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1 to 2 c.c. at a time, mixing contents after each addition, until 
the color of the mixture becomes dark chocolate brown. 

“Whirl in a Babcock machine for five minutes, fill with boiling 
water to bottom of neck, and whirl one minute. 

“Read the fat column and multiply the reading by 2.” 

Notes on Above Method .—“A uniform mbcture before weigh¬ 
ing out samples is, of course, essential to accurate and uniform 
results. 

“Too long heating or overheating of the mixture ot acetic acid 
and ice-cream has practically no effect on the results. Heating 
for five to ten minutes in wafer slightly below boiling temperature 
is usually sufficient. The hotter the mixture is, the less sulphuric 
acid will be required to produce the proper color. 

“The fat column should be perfectly clear and free from any 
curd or char. In case the fat column contains curd or char, 
duplicate the test, adding sulphuric acid to a darker color in the 
case of interfering curd, or to a lighter color in the ease of inter¬ 
fering char. 

“With very little practice in judging this color, perfect fat col¬ 
umns may be obtained in every test.” 

Good results are also obtained by using 20 c.c. of a mixture of 
equal parts of hydrochloric and glacial acetic acids in place of 
sulphuric acid, called for in the original Babcock method. This 
mixture of acids does not produce heat as sulphuric acid does, 
and, therefore, the bottles containing the ice-cream acid mix¬ 
tures should be warmed to the proper temperature by immersion 
in a water-bath. Otherwise the test is carried out as the Bab¬ 
cock test is executed. 

Instead of the mixture of acetic acid and hydrochloric acid, 
the following mixture may be used: 25 c.c. each of hydrochloric 
acid and fusel oil are mixed and shaken occasionally for three 
hours. To this are added 450 c.c. of glacial acetic acid and the 
mixture allowed to stand for twenty-four hours. For a 9-gram 
sample of ice-cream 5 c.c. of the mixture are used. 

Another method, according to Benkendorf, is the following: 
88 parts of commercial sulphuric acid are poured into 12 parts of 
concentrated nitric acid. Weigh 18 grams of ice-cream into a 
dry beaker, add 4 to 5 c.c. of the acid mixture, and mix by a 
rotary motion. If the contents do not assume a dark brown color, 
add 2 to 3 c.c. more of the acid. Then transfer to a 30 per cent, 
cream bottle, rinse the beaker with hot water, and add this to the 
contents of the bottle. Then proceed in the usual manner. 

The Illinois State Food Commission gives the following method 
for (»lculating the percentage of milk-fat in ice-cream, according 
to the contents of a gallon ctm: 
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“The percentage of milk-fat in the finished ice-cream may be 
calculated from the total weight of materials and weight of fat 
entering the batch, or it may be obtained by the analysis of the 
finished product. 

“In determining the percentage of fat by calculation it is 
necessary to know the weight of each material entering the batch. 
The weights of cream may be calculated from the following table: 


APPROXIMATE WEIGHT OF ONE GALLON OF CREAM AWORDING TO PERCENTAGE 
OF MILK-FAT 


Pct cent. 

• Weight in lbs. 

Per cent. 

Weight in lbs. 

Pw cent. 

Weight in 

10. 

H 45 

24. 

. 8 34 

38 

8 09 

11. 

. . 8 45 

25 

8 34 

39 

8 07 

12 .... 

44 

26 

8 33 

40 . 

.. 8 08 

13 ... 

44 

27 

8 32 

41 

8 03 

14 . . 

K 4.3 

28 

8 31 

42 

7 98 

15 ... . 

8 43 

29 

8 .30 

43 

7 95 

16. 

8 42 

30 . 

8 29 

44 

7 93 

17. 

K 42 

31 

8 27 

45 

7 92 

18. 

8 41 

32 

8 2.5 

46 

7 01 

19 .. 

8 41 

33 

8 22 

47 

7 90 

20 . , . 

8 40 

34 

. . 8 18 

48 

7.89 

21 ... 

. , 8 39 

3.5 

8 16 

49 

7.88 

22 . . 

8 37 

36 

8 14 

50 

. . 7.87 

23.... 

8 36 

37 . 

... 8 12 




“For the purposes of calculation the following weights per 
gallon may be used: 

“Milk 8.6 lbs., skimmed milk 8.7 lbs., 8 per cent, superheated 
bulk condensed 9.2 lbs., 12 per cent, condensed 9.15 lbs., 14 per 
cent, condensed 9.45 lbs. 

“CalcuUttion.—{a) Multiply the weight in pounds of each ma¬ 
terial containing milk-fat used in the batch by the percentage of 
milk-fat that it contains. 

“(6) Add together the weights of materials entering the batch. 
This sum is the total weight of the batch. 

“(c) Now add together the figures obtained in paragraph (o) 
above, and divide this sum by the total weight of the batch. The 
result is the percentage of milk-fat that the ice-cream will contain 
providing that the batch has been uniformly mixed. 


“Formula' 

(a) 7 20 per cent, cream. 

(ft) 6 KailoDB 8 per cent, condeaeed milk 
(c) 3 gallooB 3 per oeot. milk. 

((6 20 poumie eugar. 

(e) !0 ounoee TimilU. 

M.8 per cent, cream. 8.4 Ita- per gai.j X20-1178.0 

48.0 Ibe. (5 gal. 8 per cent, cond’eed. 9.2 Ibe. per gal.) X 8 - 368.0 
25.8 Ifae. (3 gal. 3 per cent, milk, 8.8 Ibe. gallm) X 3 - 77.4 

. 20.0 Ihi. («gar) . J-J 

0.62.5 lb. (vanilla). 22 

151.85 totid wei^t of bateh. 1821.4 

1821.4-1-151.86 • 10.8. 


“Therefore the ice-cream will contain 10.6 per cent, of milk- 

. 9f 

The preparation of a sample of ice-cream for the fat test should 

41 
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be made with special care. In the first place a representative sample 
must be obtained. Similar amounts should be removed from differ¬ 
ent parts of the can, so that the top, the center, the bottom, and 
the intermediate parts between the center and the periphery are 
represented. Butter samplers axe very suitable for this purpose. 
Equal parts of each portion should be mixed and the ice-cream then 
allowed to melt. The viscosity of the cream retains air-bubbles 
tenaciously and, therefore, samples must be weighed and not 
measured. Food inspectors should always be careful to take 
representative samples. Samples of cartons of ice-crfeam or from 
small portions of a can may be misleading. 

Selling ice-cream in stores at retail has sometimes been com¬ 
pared to skimming milk. Since under ordinary store conditions 
the ice-cream is liable to become soft, there is a movement of the 
fat to the top, and early customers obtain a cream richer in fat, 
but poorer in heavy solids, than do late customers. 

The bacterial content of ice-cream, has been frequently found 
to be very high. Stiles and Pennington found the following 
numbers of bacteria in ice-cream in Washington: In 1906 and 1907 
263 samples gave an average of 26,612,371 bacteria per cubic 
centimeter. The maximum count was 365,000,000 and the mini¬ 
mum count 137,500. Ayers and Johnson give the following table: 


Jummer,-———> • Wmtw. 


Bacteria cubic centimeter. 

Ko. of samplee. 

Per cent. 

No. of samples. 

Per cent. 

Oto 50,000 . . 



5 

5 49 

60,000 to 100,000 . 



8 

8 79 

100,001 to 500,000 . 

9 

9 57 

23 

25 27 

600,001 to 1,000,000 

9 

9 67 

2 

2 20 

1,000,001 to 5.000.0(KI 

10 

17 03 

21 

23 08 

6,000,001 to 10,000.000. 

12 

12 77 

6 

5 49 

lC.000.001to 20,000,000 

13 

13 83 

11 

12 09 

20,000,001 to 00.000.000 

10 

10 04 

6 

6 49 

80,000,001 to 50,000,000 . ... 

8 

8 51 

3 

3 30 

60,000,001 to 100,000,000 

0 

9 57 

4 

4 40 

Over 100.000.000.... .. 

8 

8 51 

4 

4.40 


Hammer gives the following results of investigations of ice¬ 
cream : 


-Bacteru per cuUc centimeter.——^ 


Source. 


Year. 

No. of samplee. 

AvOTage. 

Higlieet. 

Lowest. 

Philadelphia. 


1900-0 

49 

17,833,031 

79,800,000 

70,000 

Boston. 


1906-7 

35 

23,000,000 

150,000,000 

1,000,000 

Washinitton. 


1906-7 

203 

26,012,371 

365,000,000 

137,500 



i 1909 

89 

16.602,134 

125,000.000 

20,000 



11910 

306 

15,401,000 

100,000,000 

20,000 

Milwaukee . 


1911 

26 


8.000.000.000 

200.000 

Dm Mf^ee . . 


1911 

10 

19.620.000 

39,000,000 

4,200.000 

Iowa State College 


1911 

12 

19,775,000 

72,000,000 

500,000 


Ayers and Johnson have also studied the groups of bacteria in 
ice-cream, with the following results: 


AfidHxmguiAting. 
Add-fom^ ... 

Inert. 

A&yhfonDing... 
PeptmiifaBii. 


&uiuner. 

Winter. 

Per cent. 

Permit. 

49.82 

30.84 

20 72 

38.03 

13.98 

4.81 

1 86 

6.42 

13.62 

20.90 
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In summer, as a rule, the bacterial count of ice-cream is higher 
than in winter. The acid-forming organisms are approximately 
the same in both seasons, but peptonizing bacteria are relative^ 
numerous at all times. Ayers and Johnson found gas-forming 
bacteria in A c.c. in 88.83 per cent, of the samples. 

In Chicago in 1913 the writer found, in examinations of 60 
samples of ige-cream, figures ranging from 150,000 to 60,000,000 
bacteria per c.c. As a rule, the higher the number of colonies, 
the greater was the proportion of acid formers. Similar figures 
have been reported from a number of cities in this country. 

The bacteria in ice-cream are derived from the different sub¬ 
stances which enter its composition. Cream and milk are natu¬ 
rally the most important sources of these bacteria. Cream and 
milk are held at refrigerator temperature from the time they are 
delivered at the ice-cream factory until they are used. This is 
a relatively short period and the number of bacteria will, there¬ 
fore, not increase materially. The sugar contains but a negli¬ 
gible number of micro-organisms, but molds are usually preva¬ 
lent. Gelatin may contain several thousand to several million 
bacteria per gram. However, the gelatin is dissolved in water 
or milk at boiling temperature, so that the majority of bac¬ 
teria are destroyed. Some bacteria are contained in flavoring 
substances. 

Enumeration of bacteria in finished ice-cream has shown that 
there are many more bacteria present than in the materials from 
which the ice-cream has V)een prepared. This can be explained 
by the breaking up of clumps of bacteria by the violent agitation 
to which the mixture is exposed during the freezing process. As 
a matter of fact, the numlier of bacteria according to the colony 
count increases somewhat as the freezing process proceeds. This 
is shown in the following table (Heinemann and Gordon): 


GERM CONTENT OF ICF.-CREAM IN THE FREEZER 


Time of freeainp. 

1 

2 

3 

4 

-( an - 
5 

6 

7 

8 

9 

Average. 

0. 

37 

188 

279 

237 

964 

818 

710 

1010 

2050 

699 


37 

229 

160 

317 

895 

958 

630 

imo 

2270 

732 


61 

213 

116 

324 

1003 

1063 

540 

1330 

2410 

785 

12 miiiut«6. 

. 47 

310 

1.64 

408 

1137 

1092 

590 

1800 

2420 

884 












Average. 

... 46 

236 

177 

321 

1006 

983 

617 

1307 

2287 

778 


The distribution of bacteria in a can of ice-cream has, as far 
as the writer is aware, not been thoroughly studied. It would 
appear that the whipping in the freezer would effect a very even 
di^ribution, although, as previously stated, the number con¬ 
stantly increases during the freezing process if the colony count 
is the index. In a series of counts made by Gordon and the 
writer there was no evidence of an uneven distribution of bacteria 
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as long as the cream remained solidly frozen. It is probable, 
however, that in softened ice-cream bacteria move with the fat, 
and that in such cream a larger number are at the surface than 
at the bottom. 

The change of bacterial content during refrigeration has not 
been studied exhaustively. It has been stated that for several 
days there is a decrease in the number of bacteria, but what hap¬ 
pens after that is not definitely known. Miss Pennington states 
that usually there is a decrease at refrigerator temperature which 
may last for several days, and that this decrease is followed by a 
decided rise. 

Miss Pennington has also determined the presence of strep¬ 
tococci in the samples of ice-cream examined. In one series they 
were found in 82.5 per cent, of all samples. In other series they 
were also numerous. In all probability these were lactic acid 
streptococci, so that their presence in the majority of samples is 
not surprising. 

Bacterial tests, like fat determinations, are made when the 
ice-cream has become fluid. The longer the melted cream stands, 
the more complete is the loss of air, but at the same time there is 
bacterial multiplication. The usual method of making bacterial 
enumerations is to take a cubic centimeter of cream as soon as a 
sufficient quantity has melted. Ten minutes at room temperature 
will easily accomplish this. Some air remains, with the result 
that the volume of 1 c.c. really does not represent a cubic centi¬ 
meter of ice-cream. Weighing 1 gram is also accompanied with 
difficulties, as the handling may cause contamination from the 
air. Bacterial counts vary considerably under the most perfect 
conditions known to technic, and it is to be expected that with 
ice-cream variations are especially great. Comparable results 
can be obtained only if all laboratori^ will consent to use exactly 
the same method. Standard methods should be adopted, there¬ 
fore, before bacterial examinations of ice-cream can be of com¬ 
parative value. 

When ice-cream is made from raw milk or cream it becomes a 
possible carrier of infection. As a matter of fact, a number of 
epidemics have been definitely traced to ice-cream. Mitchel 
found that typhoid- bacilli were able to live in ice-cream for twelve 
to thirty-nine days. Several outbreaks of typhoid fever due- to 
the consumption of infected ice-cream have been reported in Eng¬ 
land. 

Lumsden definitely incriminated ice-cream in two typhoid 
fever epidemics, one in Birmingham, Ala., and the other in Chatta¬ 
nooga, Tenn. The author in his report emphasizes the importance 
of observing cleanliness in the collection and preparation of afl 
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ingredients entering into ice-cream mixtures, and urges that these 
ingredients be properly pasteurized. Furthermore, the author de¬ 
mands that ice-cream be manufactured under rigid and adequate 
official supervision. 

Of course, it is conceivable that any of the infections which 
are known to be transmitted occasionally through milk may also 
be disseminated through ice-cream. It is probable that patho¬ 
genic bacteria gradually die in ice-cream, although there are no 
reliable data on the subject available. However, ice-cream is 
usually consumed within a few days after manufacture, so the 
disease germs have a chance to survive long enough to cause 
infection. 

Poisoning from ice-cream has lieen sometimes reported. In 
most cases the actual cause has not lieen determined conclusively. 
It is sometimes assumed that poisons in the cream are formed by 
bacterial decomposition. More likely seems the supposition that 
bacteria of the Bacillus enteritidis group are the real offenders. 
In some cases bacteria which have proved infectious and fatal to 
guinea-pigs have l)een isolated from suspected ice-cream. Such 
evidence is not final, and it is desirable that thorough investiga¬ 
tions of so-called ice-cream poisoning be made. 

Governmental supervision of ice-cream is important and as 
necessary as control of other food articles, chiefly tecause ice¬ 
cream is consumed in the raw state, and legal definition of what 
constitutes ice-cream is desirable. 

The United States pure food law recognizes three classes of 
ice-cream, as follow's: 

“1. Ice-cream is a frozen product made from cream and sugar, 
with or without a natural flavoring, and contains not less than 
14 per cent, of milk-fat. 

“2. Fruit ice-cream is a frozen product made from cream, 
sugar, and sound, clean, mature fruits, and contains not less than 
12 per cent, of milk-fat. 

“3. Nut ice-cream is a frozen product made from cream, sugar, 
and sound, non-rancid nuts, and contains not less than 12 per 

cent, milk-fat.” , , x 

The demands of governmental regulations suffer from a lack of 
uniformity in the same sense that those of milk regulations suffer. 
For example, the Illinois State Food Standard Commission defines 
ice-cream as follows t **Ice-cream is a frozen substance, made from 
cream, or milk and cream, and sugar, with or without the addi¬ 
tion of such other wholesome substances as have customarily* 

' The following other subetanccs have customarily been used in making 
ic 6 - 4 ire£irD 1 pt g^gn , flours^ starches, buttpCT, gelatin, flavoring, hannIesB^ coIotb, 
nuts, fruits, pastries, and condensed milk. 
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been used in making ice-cream, and contains not less than 8 per 
cent, of milk-fat, and manufactured, stored, distributed, and dis¬ 
pensed in a sanitary manner.” 

The Illinois Commission also recognizes “certified ice-cream,” 
which means ice-cream “manufactured from certified dairy prod¬ 
ucts, and under conditions approved by a milk commission.” 

In the public mind at present every frozen dessert is called 
either ice or ice-cream, no distinction between these two terms 
being recognized. Ices should mean frozen water with fruit or 
some other substance used as flavor. Ice-cream is generally un¬ 
derstood to mean any frozen product containing either milk or 
cream, or some custard, both being flavored with a variety of 
substances. The word “cream” in ice-cream seems to carry not 
only the meaning of cream derived from milk, but also cream in 
the sense of “creamed gravy” or “creamed potatoes, creamed 
onions,” etc., in which dishes cream from milk is not a neces¬ 
sary ingredient. Therefore a suitable legal definition is necessary 
when governmental control is established. 

For the purpose of rating ice-cream several score cards have 
been devised, notably by Washburn, Mortensen, and at the Univer¬ 
sity of Nebraska (Frandsen and Markham). The cards give percent¬ 
age figures as to flavor, texture, body, richness, appearance, color, 
permanency, and package. Defects in one or more of these points 
are subtracted from the perfect score given in the card according to 
the judgment of the examiner. Flavor may te wanting when sour 
or tainted cream is used; when flavoring suhstances do not blend; 
when poor or too much gelatin is used; when excess of sugar is 
present; when a poor quality of fruit is used, etc. The body is 
determined by experienced persons by finger pressure; the texture 
is lacking when poor or an insufficient quantity of gelatin is used, 
or when the ice-cream is improperly packed. The coloring- 
matter may be unnatural. Permanency refers to the quality 
of the ice-cream, which allows it to retain its firm consistency for 
a reasonable length of time on the dish on which it is served. It 
should not melt away too quickly before being eaten. 

In order to prevent contamination with disease germs as far 
as possible, ice-cream factories should be subjected to periodic 
inspections. Sanitary construction of the buildinp and the 
equipment; cleanliness and control of the health of employees 
should be obligatory. Some modem ice-cream factories are built 
of concrete, coated with enamel paint. Everything is arranged 
to facilitate cleaning and drainage. Cream and milk should be 
pasteurized, and all other ingredients heated to a temperature 
hit^ enough to destroy pathogenic bacteria. All machinery which 
comes in direct contact with the ice-cream and sdl containers 
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should be sterilized with live steam, and attention should be given 
to the excluding of flies from these establishments. 
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Condensed and evaporated milks, along with milk powder 
or flour, have.been placed on the market chiefly to meet the de¬ 
mand for a milk that will keep indefinitely and one whose bulk 
is sufficiently reduced to make shipment easier. While fresh milk 
contains about 87 to 88 per cent, of water, sweetened condensed 
milk contains about 25 per cent.; unsweetened condensed milk 
(evaporated) contains about 63 per cent., and milk powder about 
5 per cent, water. The bulk of these products is, therefore, smaller 
than that of fresh milk, and transportation charges are corre¬ 
spondingly less. Condensed or evaporated milk keeps sweet for 
a long time, and milk powder almost indefinitely. Consequently, 
concentrated milks are in great demand in coimtries where fresh 
milk is scarce or in hot climates where milk remains sweet f@r a 
short time only. 

Richmond gives the following analyses of sweetened condensed 
milk, of unsweetened condensed milk, and of milk powders; 

COMPOSITION OF SWEETENED CONDENSED MILK 


Authority. Water. Fai Lactose. sugar. tein. Ash. Total. 

Riohmoud. 24 06 11 28 13 97 38 31 9 36 2 13 99 11 

Peannain and Moor. 26.10 10 84 14 68 36 93 9 55 1 90 100 00 

Fleisehmanu. 25 69 10 98 16 29 32.37 12 33 2.34 100 00 

Pearmain and Moor. 29.87 1 17 14 68 41 54 10 74 2 00 100 00 

Riehmond. 29.05 1 28 14 91 40.07 10 63 2 33 98 27 

Richmond. 29 23 0 64 15 60 40 19 10 73 2 63 98 92 

Richmond. 28.43 0.36 16 88 39 27 11 73 2.68 99.25 

COMPOSITION OP UNSWEETENED CONDENSED MILK 

Pro- 

Authority. Water. Fat Lactose. tein. Ash. Total. 

Richmond. 63 47 10 22 12.08 10 30 2 07 99 04 

Richomnd. 62 40 11 91 13 04 9 68 2.14 99.17 

Richmond. 63 07 10.86 13 38 9 80 2 21 99 32 

Pearmain and Moor. 61 96 10 67 15 60 9 57 2.30 100.00 

Aschmann. 69 36 9.23 10 98 9.41 1.63 100.00 


COMPOSITION OP MILK POWDERS 
1 2 3 4 6 6 7 

Mdature. 6.39 4.92 3.30 3.55 4.74 6.16 6.00 

Fat. 27.86 27.98 23.97 2.66 29 16 19.90 26..60 

MUk-augar. 31.42 34.16 37.32 45 60 32 24 34.96 32.83 

Caneaugar. 1.25 1 53 2 80 2 00 

Protein. 27.48 24.59 26 38 35.45 26.66 31.10 28.84 

A*. 600 6.24 6.19 7 89 5.63 7.11 6.44 


The term “condensed milk” usually means concentrated milk 
to which cane-sugar has been added. “Plain condensed milk" 
is concentrated milk and is sold in bulk to ice-cream manufacturers 
and confectioners. This bulk condensed milk is not sterilised 
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and must be kept cool to prevent decomposition. “Evaporated 
milk” is concentrated milk filled in cans and sterilized after the 
cans are sealed. 

Sweetened condensed milk should contain at least 28 per cent, 
of milk solids and 8 per cent, of fat. Condensed evaporated 
skimmed milk should have at least 20 per cent, of milk solids. 

Gail Borden introduced condensed milk on a commercial scale 
in 1856. Since that time the industry has developed to such an 
extent that in 1909—according to Wells, who gives a detailed 
account of the industry—there were more than 300 milk condens¬ 
ing plants in the United States, representing an investment of 
$15,000,000. The value of the total output in 1909 was $33,563,129. 
Recently the use and export of concentrated milk has increased 
enormously. It takes the place of fresh milk in soldiers’ camp, 
since fresh milk is difficult to obtain, and is growing in favor with 
the housewife, who, although she may have access to fresh milk, 
likes to keep it along with other staple goods. 

Condensed or evaporated milk may be made from skimmed 
milk or from whole milk. Skimmed milk is condensed to one- 
fourth its volume and whole milk to one-third. The product sold 
in bulk is usually made from skimmed milk, while canned milk is 
made from whole milk. Only clean milk should be used for con¬ 
densing, as abnormal flavors become more concentrated during the 
condensing process. The acidity of the milk must be low, as other¬ 
wise the condensed product will coagulate. Manufacturers are 
very careful in the selection of the raw milk they intend for con¬ 
densing purposes, and employ experts to detect off-flavors. 

Milk is condensed principally by two methods; either by the 
use of a vacuum pan in which the milk is evaporated under reduced 
pressure so that the boiling-point lies at 130° to 135° F.; or by the 
use of hot air. In the second case the milk is heated to 140° F. 
and hot air then blown into it. The hot air takes up the water 
from the milk, and by this means the desired consistency is ob¬ 
tained. Before condensing, the milk is passed through a cream 
separator, and if whole condensed milk is to be prepared the cream 
is mixed with the condensed skimmed milk. 

After canning there is some change in the physical conditip 
similar to that in milk when it stands quietly. The fat rises, while 
the heavier constituents sink. To prevent the rising of the fat 
the milk is sometimes homogenized before condensing takes plap. 

Evaporated (unsweetened milk) is normally free from bacteria, 
since it is sterilized after canning. Sweet condensed milk is not 
sterilized, and usually contains bacteria, although they rarely 
multiply in view of the high concentration and sugar content of the 
product. However, some investigators have found large numbOTS 
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of bacteria in cofidensed milk. Mias Bengtson counted as high as 
1,000,000 per cubic centimeter. Micrococci seem to be the pre¬ 
dominating types in condensed milk. 

' Hammer foimd a bacillus related to the proteus group, which he 
named BaciUus ichthyosmius, and in the condensed milk where 
this organism flourished a fishy odor developed. The author was 
able to produce the same fishy odor in milk, cream, and evaporated 
milk by inoculating pure cultures, but butter was not similarly 
affected. • 

The same author isolated a bacillus—Bacillus coagulaiis— 
from cans of condensed milk which had acquired a sweetish, cheesy 
odor, and found it to be motile and spore forming. 

Desiccated milk, milk powder, or milk flour is used by con¬ 
fectioners and ice-cream manufacturers, although its usefulness 
might be extended to households to take the place of fresh milk. 
Wells states that in 1911 there were 10 desiccated milk factories 
in the United States and that 8,500,000 pounds of milk were used 
for the purpo^ of desiccation. The use of milk powder is on the 
increase, especially since it is now possible to desiccate whole 
milk and even cream containing 18 per cent. fat. Jordan (J. 0.) 
states that eminent authorities believe that such products have 
all the nutritional qualities of fluid milk and that consequently 
the consumer is benefited by having a milk which keeps indefi¬ 
nitely and which is available at any time and in any quantity. 
The producer is benefited by being able to dispose of all his milk 
during the most favorable season of production and by suffering 
no loss from surplus milk. As milk powder can be shipped to 
any part of the world, people in warm climates can have sound 
sweet milk at their disposal. 

The powder is dissolved in water before it is used, and the 
resulting milk is almost equal to fresh sweet milk. This is es¬ 
pecially true when milk powder is made by the “atomizing proc¬ 
ess.” Investigations have shown that when this powder is dis¬ 
solved in water the casein assumes its natural colloidal condition 
and the fat forms an emulsion. 

Whole milk is reduced to one-eighth its volume and skimmed 
milk to one-eleventh by desiccation. 

The yield from 100 pounds of raw milk is about 9 poimds of 
desiccated milk and 3 to 4 poimds of butter, according to the rich¬ 
ness of the milk. Desiccated milk has the appearance of flour 
and, therefore, is called milk flour. It is hygroscopic and should 
be kept in tightly sealed containers. Whole milk powder contains 
about 27 per cent. fat. 

There are several methods of desiccating milk, a brief descrip- 
ti<m of krhich, as given by Wells, follows: 
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1 . The Ekenberg System. —^The milk is clarifisd by filtering 
through cotton and passing through a separator after having been 
wanned in a continuous flow of 90° F. The cream is pasteurized, 
cooled to a low temperature, and preserved for mixing with sepa-> 
rated nulk for the better grades of milk powder. The separated 
milk is pasteurized, cooled, and stored in an insulated tank from 
which it is drawn to the exsiccators. The exsiccator is a large 
vacuum chamber in which a revolving cylinder is hung. Another 
vacuum chp.mber—the products chamber—is separated from the 
first one by a series of gates. A constant vacuum is thus main¬ 
tained when the products chamber is opened. 

A milk chamber, also under vacuum, is attached to the vacuum 
chamber, and into this chamber the milk is drawn. A specially 
constructed condenser, to which a suction pipe is attached, is 
provided with a stream of water, which passes through the con¬ 
denser and carries oft' the vapors. 

A pump forces the milk through a spray pipe on to the revolv¬ 
ing cylinder, which is heated slightly by exhaust steam. The milk 
dries quickly under the influence of heat and vacuum and is remov^ 
from the cylinder by silver knives. The temperature of the milk 
is never above 120° F. and rarely above 110° F. 

The dried milk is completely desiccated by being placed in a 
chamber of 90° F. for twenty minutes to an hour. The crisp, dry 
chips and ribbons of milk are then ground to a fine powder. 

2. Atomizing and Hot-air System. —Milk is atomized and 
sprayed into currents of heated air. The dry powder is retained 
by a screen while the moist air passes through. This process was 
invented by Rotert, Stauf, of Posen, Germany, and is successfully 

used in this country. ■ 

3. The Just System.—Two polished metal cylinders are side 
by side and slightly separated. They revolve inversely at the rate 
of about 6 revolutions per minute. They are hea^ by super¬ 
heated steam, so that the outer surface of the cylinders reaches 
considerably above 212° F. The milk flows from a pipe between 
the rollers and forms a very thin layer on the rollers. The water is 
quickly evaporated and a knife cuts the milk from the cylinders 
in continuous sheets, which are caught in receptacles, where they 
break up. The dry milk is then ground to a fine powder. 

4. The Campbk System.—The milk is heated by sterilized air 
blasts and agitated in a large round copper vessel, and then draTO 
into rectangular concentrating vessels. These vessels cqptam coils 
and are surrounded by hot water. Sterilized air is also introduced 
into the milk below the surface. This air is under pressure and 
escapes when the milk enters the tanks, and by this means ^ 
water vapor is driven off. As the milk becomes concentrated the 
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temperature is lowered. On a floor below large roller drums with 
cone-shaped ends are located, and into these the concentrated 
milk is discharged. Air blasts enter the head of the drum, which 
revolves so that the concentrated milk is carried up on the side and 
then dropped through the dry air. The milk soon Incomes too thick 
to be carried up in the drum, falls into the cone-shaped end, and 
here it is ground into small particles. These particles are com¬ 
pletely desiccated in specially constructed drums and then ground. 

5. The Passburg System .—The milk is placed in a l^rge steam- 
heated iron drum which revolves in a vacuum chamber. It is 
scraped off with a steel knife when perfectly dry. 

Stocking gives the composition of milk powder made by the 
Ekenberg process, as follows: 

Bkimiced milk. WhoU nuik. 

Per cent Per cent. 


Aibuminoide. 
Mslk-«URar . 
Ash . . .. 
MoiHture... 
ButteT’fat... 


34-35 

51 

7 5-8 

4 


25.0 
40.0 
5.3 
3 0 
25-27 


The composition of milk and cream powders made by the 
Merrell-Soule (atomizing) process is given by the same author in 
the following table: 

Butter* AW Milk- Moist* 

fat. Casein. bumm. sugar. Ash. ure. 


Skimmed milk. 1 35 29 79 7 91 49 94 8.21 2.40 

Half skimmed. 14.20 25 56 6 70 44 41 7.01 2 12 

Whole milk . 28 20 21 22 6 45 47 88 5 76 1 50 

16 per cent, cream. 65 15 10 60 - 2 82 17 88 2.91 .66 

18 per cent, cream. 70 47 9 08 2 42 15 01 2.46 . 56 


Even milk modified for the feeding of infants has been desic¬ 
cated, and the following table (Stocking) shows the results com¬ 
pared with the composition of human miUc: 

D y. Restored. Htunan. 


Butter^at. 18 20 2 28 3.S 

Caaeto. 8 51 1 06 1.0 

Albumin. 7 43 0 93 0.5 

Milk«uar. 67 37 7 17 6.8 

Aeh. 7,28 0 91 0.2 

Moiature. 1 21 87 66 88.2 


100 00 100 00 100.00 

The fat in concentrated milk can be estimated by the use of the 
Babcock method, but Hunziker worked out a modification which 
he considered satisfactory. The method is as follows: After 
mixing the milk, 4.5 grams are weighed into a 10 per cent. Babcock 
bottle and, 17.6 c.c. of water added from a Babcock pipet. The 
usual amount of sulphuric acid is added, the contents of the bottle 
mixed until complete solution results, and then centrifuged for 
five minutes. Equal parts of water and sulphuric acid are mixed 
in a beaker, and this mixtiue, while hot, filled into the bottle to the 
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1. The Ekenberg System. —^The milk is clarifisd by filtering 
through cotton and passing through a separator after having been 
wanned in a continuous flow of 90° F. The cream is pasteurized, 
cooled to a low temperature, and preserved for mixing with sepa-> 
rated nulk for the better grades of milk powder. The separated 
milk is pasteurized, cooled, and stored in an insulated tank from 
which it is drawn to the exsiccators. The exsiccator is a large 
vacuum chamber in which a revolving cylinder is hung. Another 
vacuum chp.mber—the products chamber—is separated from the 
first one by a series of gates. A constant vacuum is thus main¬ 
tained when the products chamber is opened. 

A milk chamber, also under vacuum, is attached to the vacuum 
chamber, and into this chamber the milk is drawn. A specially 
constructed condenser, to which a suction pipe is attached, is 
provided with a stream of water, which passes through the con¬ 
denser and carries oft' the vapors. 

A pump forces the milk through a spray pipe on to the revolv¬ 
ing cylinder, which is heated slightly by exhaust steam. The milk 
dries quickly under the influence of heat and vacuum and is remov^ 
from the cylinder by silver knives. The temperature of the milk 
is never above 120° F. and rarely above 110° F. 

The dried milk is completely desiccated by being placed in a 
chamber of 90° F. for twenty minutes to an hour. The crisp, dry 
chips and ribbons of milk are then ground to a fine powder. 

2. Atomizing and Hot-air System. —Milk is atomized and 
sprayed into currents of heated air. The dry powder is retained 
by a screen while the moist air passes through. This process was 
invented by Rotert, Stauf, of Posen, Germany, and is successfully 

used in this country. ■ 

3. The Just System.—Two polished metal cylinders are side 
by side and slightly separated. They revolve inversely at the rate 
of about 6 revolutions per minute. They are hea^ by super¬ 
heated steam, so that the outer surface of the cylinders reaches 
considerably above 212° F. The milk flows from a pipe between 
the rollers and forms a very thin layer on the rollers. The water is 
quickly evaporated and a knife cuts the milk from the cylinders 
in continuous sheets, which are caught in receptacles, where they 
break up. The dry milk is then ground to a fine powder. 

4. The Campbk System.—The milk is heated by sterilized air 
blasts and agitated in a large round copper vessel, and then draTO 
into rectangular concentrating vessels. These vessels cqptam coils 
and are surrounded by hot water. Sterilized air is also introduced 
into the milk below the surface. This air is under pressure and 
escapes when the milk enters the tanks, and by this means ^ 
water vapor is driven off. As the milk becomes concentrated the 



MILK FROM MAMMALS OTHER THAN THE COW 

Human Milk.—In previous chapters frequent reference has 
been made to human milk, and little more need be added. As 
a rule, human milk is more yellowish than cow’s milk and has 
a sweeter taste, owing to a larger content of milk-sugar. The fat 
globules are larger than those of the milk of mosf cows, but 
fewer in number. The size of the fat globules varies from 0.9 
to 32 microns. The fat rises within a few hoiu^i after drawing 
and separates more completely than the fat in cow’s milk. There¬ 
fore, human skimmed milk is more transparent than cow’s milk. 
Human cream is decidedly yellow in color. 

Coagulation of the casein is produced with some difficulty. 
By adding dilute acetic acid to diluted skimmed milk at 40° C. 
a fine flaky precipitate is formed w'hich does not settle, but rises 
to the surface. Rennet coagulation is not apparent to the naked 
eye unless acid is added. By rqnnet coagulation human casein 
is split into paracasein and a soluble albiunin, similar to the split¬ 
ting of cow casein by rennet. Pure human casein is soluble in 
weak alkalies, but the solution has a yellowish in place of the 
bluish tint of cow casein. 

Bosworth and Giblin found that the valency of human casein 
is 8 and its molecular weight 8888. The valency of human parar 
casein is 4 and its molecular weight 4444. The same authors 
state that human casein resembles bovine and goat casein in sev¬ 
eral respects. These caseins have the same nitrogen, phosphorus, 
and sulphur content; they have the same valency and form the 
same salts with bases; they have the same molecular weight; 
they are acted upon by rennet in the same manner; and the para¬ 
casein resulting from action upon human casein is similar to that 
of cow’s milk. 

Fresh human milk is slightly acid to phenolphthalein and 
alkaline to litmus. It sours and coagulates spontaneously. Ham- 
marsten gives the freezing-point of human milk at 0.589° C. The 
specific gravity of the fat is 0.966 at 15° C. It melts at 34° C. 
and solidifies at 20.2° C. 

The same author states that human milk is coagulated by gas¬ 
tric juice, but subsequently dissolves in it readily. Human milk 
is richer in lecithin than cow’s milk, but the latter contains more 
phosphorus than human milk because of its higher casein content. 

The ash of human milk varies between 0.19 and 0.34 per 
cent., which is considerably less than that of cow’s milk. Truna 
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gives. the following tabulation of the composition of ash in 
human milK? 


COMPOSITION OF ASH OF HOMAN MILK 


KiO... 

NuO.. 

C»0... 

MgO... 

FiOt.... 

PiO,.... 

Cl .... 

SOi 

lOi... 




Back ham aod Crooks. 

BOidna*. 

deUnge, 

1 

3 

31.4 

19 9 

33 74 

27 38 

11 9 

29.6 

11.01 

15.88 

16 4 

12 6 

17.36 

15.62 

2 6 

2.9 

3 17 

3.18 

0.16 

0 25 

0 63 

1.75 

13 5 

17 9 

14 79 

11.75 

20.0 

21 3 

15 47 

23.93 



5 01 

5.21 




1.50 


Goat’s Milk.—The goat is sometimes called the poor man’s 
cow, because she produces alxmt twice as much milk in propor¬ 
tion to her body weight as the cow does. A goat may yield ten 
to twelve times her body weight in milk per year, while a cow 
yields but five to six times her body weight. In oime countries 
goat’s milk is used to a considerable extent, as in Switzerland, 
Germany, and some tropical and subtropical countries, such as the 
Island of Cuba, for instance. Goats eat much more than cows 
do in proportion to their size, but are satisfied with cheaper food. 
They are hardy animals, and many breeds of goats are suitable 
milk producers in all climates. The goat is a good foster mother, 
successfully raising infants, calves, lambs, colts, and pigs. In 
some countries babies obtain their food-supply by being placed 
directly to the teats of goats. 

In France and Switzerland some sanitariums advertise as a 
special feature that goat’s milk is used, and s[iecial beneficial re¬ 
sults are claimed for those who use it. Goat’s milk is sometimes 
preferred to cow’s milk for infant feeding. However, there is no 
positive evidence of its .superiority. Goat’s mfik may be used in 
place of cpw’s cream in coffee, tea, and cakes. It is said to give 
a rich flavor. 

The fat globules in goat’s milk are relatively small and of 
fairly uniform size. They rise slowly and in most cases no cream 
layer is formed; only rarely does a very small amount of cream 
collect at the surface. The cream cannot be separated by cen^- 
fuging. Goat’s milk is said not to keep as well as cow’s milk. 
This may be due to lack of cleanliness in production. 'There is a 
peculiar “goaty” taste in goat’s milk due to manurial pollution, 
and this is also imparted to cheese made from goat’s milk. 

Goat’s milk has a higher degree of viscosity than cow’s milk. 
With rennet the casein coagulates, forming a more compact mass 
fimn bovine casein. For this reason goat’s milk is considered less 
digwtible than cow’s milk. 

Bosworth and Van Slyke have made a chemical study of the 
composition of goat’s milk. The following points were determined 
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by these authors; “The soluble compounds can be separated 
from the suspended or colloidal compounds by filtration through 
a Pasteur-Chamberland filter. The serum from fresh goat’s milk 
is nearly transparent and has a faint greenish-yellow tinge, with 
slight opalescence. In true solution are sugar, the salts of potas¬ 
sium, sodium, and chlorin. Partly in solution or in colloidal solu¬ 
tion are albmnin, inorganic phosphates, calcium and magnesium 
compounds, and citrates. Entirely in suspension or in colloidal 
solution are fat and casein. The insoluble portion of goat’s milk 
when freshly prepared and moist is grayish to greeilish white, 
glistening, and gelatinous. Shaken with water this insoluble 
part is suspended and the mixture assumes the appearance of milk. 
This suspension is neutral to phenolphthalein. The insoluble 
portion consists of calcium caseinate, di- and tricalcium phosphate, 
and magnesium phosphate.” 

According to the same authors, goat’s milk differs from cow’s 
milk “(1) in containing tricalcium phosphate, di- and trimagne¬ 
sium phosphate, and monopotassium phosphate, and (2) in contain¬ 
ing no monomagnesium or dipotassium phosphates. Human milk 
differs from goat’s (and cow’s) milk in containing no insoluble 
phosphates. Goat’s and cow’s milk contains more phosphates 
than human milk. Chlorids are present in goat’s milk in larger 
quantity than in either human or cow’s milk. In human and cow’s 
milk chlorin is present as calcium chlorid, and in goat’s milk 
potassium and sodium chlorids are also present.” 

The authors give the following table, showing the composi¬ 
tion of cow’s, goat’s, and human milk: 


A COMPAEISON OF THE COMPOSITION OF COW'S, GOAT’S, AND HUMAN MILK 


Compouads. 

Cow’s miUc. 

Goat's milk. 

Human milk. 

Fat. 

3 90 

3.80 

8 30 

Milk>«ufir . 

4.90 

4.80 

6.50 

Prot^ comlwed with calcium 

3.20 

3.10 

1.80 

SiJta. 

0.910 

0.630 

0.318 

Dioakaum choiDhate . 

0 175 

0.002 

0.000 

Tnoakhun pboiphate. 

0 000 

0.002 

0 000 

MocMnacDOBum phoq>hate. 

0 103 

0.000 

0.027 

DaiMDMliiini 

0 000 

o.oos 

0.000 

Trunajcnwaun j^oaphate . 

0 000 

0.024 

0 000 

MoQopotwuBx idkoapliAte. 

0 000 

0.073 

0.069 

DipotaMhim ^mphate. 

0 230 

0.000 

0.000 

PotaMum dtntfl. 

0.082 

0.280 

0.108 

Sodium dtrate. 

0.222 

0 000 

0.051 

PotaMum ekiorid. 

0.000 

0.160 

0.000 

Sodium ohkirid. 

0.000 

0.095 

0.000 

GaUumdd^... 

0.110 

0.115 

0.080 


The molecular weight of goat casein was determined by Bos- 
worth and Van Slyke to be 8888, and the valency of the protein 
molecule in basic casein to be 8. The elementary composition of 
moisture and ash-lree casein from goat’s and cow’s tniHr was 
determined as follows; 
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ELKMBajTARY COMPOSmON OT GOAT AND BOVINE CASEIN 

rram foat'i nilk. Fitm ow'i nSk. 

Aib. 0.36 0.06 

C. 61.30 61.» 

H. 7.16 7.U 

N. 16.67 16 60 

P. 0 71 0 71 

B . 0 71 0 71 

0 (by difference). 23.25 22.08 


It has been claimed that goats are not as susceptible to tubCT- 
culosis as 50WS, and that for this reason alone the use of goat’s milk 
would be advantageous. In Cologne, of 1600 goats examined, 
only 0.6 per cent, were found to be tuberculous, and in Prussia, of 
47,705 goats examined, only 0.41 per cent, were tuberculous. 
This seems to prove, however, that goats are susceptible to tuber¬ 
culosis, and the disease might be more prevalent among goats if 
they were kept in herds and in stables under unsanitary conditions 
such as cows are frequently subjected to. 

Sheep’s milk contains more fat, casein, and sugar than cow’s 
milk. The total solids are 16 per cent, or more. Sheep’s milk is 
yellowish and the fat globules are large. Sheep’s milk is u^ in 
some countries for preparation of fermented milks, and the original 
Roquefort cheese is made from sheep’s milk. 

Buffalo’s milk is also rich in solids, which amount to 17 pw 
cent, and over. It is particularly rich in fat. Buffalo’s milk is 
white and has a peculiar taste and odor, reminding one of musk. 
It is used in Egypt for preparing the fermented milk, leben raib. 

Ass’s milk was used in former ages for medicine, so Aristotle 
has stated. It is white with a bluish tint, and has a disagreeable 
odor which increases as the lactation period progresses. Ass’s 
milk is poor in solids (10 per cent.) due chiefly to low fat content. 
It is alkaline to litmus and slightly acid to phenolphthalein. Ass’s 
milk coagulates spontaneously with difficulty, and the coagulum 
consists of small flakes. It is coagulated completely by trailing, 
owing to the relatively large amoimt of albumin which carries the 
casein with it. Rennet produces a coagulmn similar to that of 
human milk. The fat globules are very small. 

Ass’s milk is used in Italy, Spain, and southern France, where it 
is considered the most suitable substitute for hunm milk. It is 
easy to digest, and asses are not considered susceptible to tubercu¬ 
losis. The nutritive value is impaired by the small fat content. 

Mare’s milk has a similar composition to ass’s milk. It is poor 
in solids (10 per cent.) and has a low fat content. Mare’s milk is 
white with a bluish tint, and has an aromatic, sweet, but rather 
sharp taste. The original koumiss is made from mare’s milk. 

Camel’s Milk. —The composition of camel’s milk is very 
variable, owing to a great variation in food, but, on the whole, it 
42 
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is similar to cow’s milk. Camel’s milk is richer in sugar than cow’s 
milk and has a pleasant, sweet taste. It is of a pure white color; 
The protdns react similarly to those of human milk, and camel’s 
milk is frequently used for infant feeding. 
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Abnormal butter, 606 
cheese, 624 

taste and odor of milk, 386 
Abrin, 241 

Absolute holders, 519 
Acid-coagulating bacteria, 343, 531 
micrococci, 373 
Acidity, degtee, 199 
tests, 196-200 
, Farrington’s, 198 
Manns’, 197 
Marshall’s, 198 
Publow’s, 198 
Spillman’s, 199 
Van Norman’s, 197 
Acid-non-coagulating bacteria, 343, 
531 

Acidophil bacteria, 365-367 
Acid-proof bacilli, 446, 448, 512 
Acid-rennet micrococci, 386 
Acids, amino-, 70 ' 

glycerids of non-volatile, 71, 79, 
80 

of volatile, 71, 79, 80 
influence of, on rennet action, 93 
mono-amino-, 90 
Aciduric bacteria, 365, 372 
Actinomycosis, 474 
Adams’ fat determination, 147 
Adulteration of milk, 213 
Afiration of milk, 102, 335 
Agglutinins in milk, 243, 251 
Air, stable, bacteria in, 290 
Albumen milk, 594, 595 
Albumin, determination of, 183 
Albuminophore, .59 
Albumose in milk, 98 
Alcohol, fat-saturated, 156,173 
test, 207 

Aldehyd catalase, 236 
Alimentary disturbances of infants, 
590 ' 

Alizarol test, 209 
Alkali forming bacteria, 343, 531 
influence of, on rennet action, 93 
Amboceptor, 244 

American Association of Medical Milk 
Commissions, 497 
ice-cream, 631 

Amido-compounds, determination of, 
184 


Amino-acids, 70 
Ammonia in milk, 70 
determination of, 184 
Amylase, 233 

Anaerobes in milk, 374, 427 
test for, 427 
Analysis of butter, 609 
of casein, 87 
Anaphylactic test, 246 
Anilin dyes in milk, 221 
detection of, 221 
orange, 222 
detection of, 222 
Annatto, 221 
detection of, 221 
Anthrax, 473 

Antilxidiea in colostrum, 242 
in milk, 70, 240, 685 
Antinmnin, 96 
Antiseorbutics, .590 
Antitoxin for tuberculosis, 487 
globulin, 242 
m milk, 240 
Araka, 407 
Arginin, 618 

Arnold’s reaction, 238, 507 
Aroma of butter, 603, 605 
Artificial ripening of cream, 603 
starters, 603 
Aseptinc, 223 

Ash of cow’s milk, 101, 102, 121 
determination of, 179-181 
of human milk, 654 
Ash-free casein, 85 
parae'aaein, 86 
Asiatic cholera, 443 
Aspergillus flavus, 512 
fumigatus, 512 
repens, 512 

Ass’s milk, 70, 105, 657 
casein, 87 

Association score card, 652 
Atomizing 83 rstem of milk desiccation, 
651 

Atrophy in infants, 595 
Auto-intoxication, 392, 394 
Ayers’ casein agar, 415 
counting apparatus, 417 
Ayrshires, 572 
Azo-dyes, 221 
in 221 
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Babcock centrifuge, 182,163 
fat determination, 165-164, 504 
formula, 176 
pipet, 158,162 

test bottles, 156, 159, 160, 167 
bottle-washer, 164 
for fat in buttermilk and whey, 
173-175 
in cheese, 628 
in cream, 167 
in ice-cream, 639 
in skimmed milk, 173-175 
Bacilli, acidophil, 365, 366 
acid-proof, 446, 448, 512 
aciduric, 365, 372 

Bacillus abortus, 275, 276, 475-478 
lipolyticus, 477 
acidi luctici, 341, 344, 346 
acidophil-aerogencs, 365 
acidophilus, 365, 366 
aerogenes, 265, 341, 344, 346, 350, 
357,382, 425 
bifidus, 365, .393 
botulinus, 241 

bulgaricus, 341, 342, 365-367, 384, 
394, 399, 401, 596, 621 
oasei, 385, 371 
ooagulans, 650 

coli, 266, 276, 344, 350, 351, 425, 
427, 463, 473 
cyanofluorcscens, 378 
cyanofuscus, 626 
cyanogenes, 376, 378 
delbrUcki, 100, 366 
dimorphobutyricus, 376 
diphtheria), 439 
dysenleriffi, 596 
enteritidis, 444, 627 
erythrogcnes, 376, 379 
fluoresoens, 376, 379, 606 
ichthyosmius, 850 
lactifflorbi, 474, 475 
laotorubefaciens, 379 
lebenis, 341 
melitensis, 478 

membranaceus amethystinus, 379 
morbificans, 268 

of Boas-Oppler, 341, 365, 366, 370 

of botulism, 241 

of long life, 365 

panisTermentati, 365 

paratyphosus, 444 

prodimosus, 268, 277, 376, 379, 606 

putrificus, 375 

pyoeyaneus, 384 

radimfonniB, 276 

rudenaiB, 625 

sacohanmutyrious, 374 

saponaceous, 386 

sporoRKiee, 379, 427 

cubtiCa 276 

tuberculosis, 460 


Bacillus typhosus, 437 
violaceus, 379 
viscosus, 383, 384 
welchii, 375, 393 

Bacteria, acid-coag<^ting, 343, 531 
acid-non-coagulating, 343, 531 
acidophil, 365-367 
acid-rennet, 386 
aciduric, 365, 372 
alkali'forming, 343, 531 
butyric acid, 374, 375 
chromogenic, 376 
in butter, 606 
in butterine, 606 
in buttermilk, 263, 399 
in Cheddar cheese, 621 
in cheese, 615 
in colostrum, 269 
in cream, 259, 329 
in curry powder, 282 
in Eramenthaler cheese, 620 
in evaporated milk, 649 
in fodder, 291, ^2 
in foremilk, 270-272 
in gravity cream, 259 
ill ice-cream, 642 
in market milk, 261, 262 
in middle milk, 270-272 
in milk, 258, 261, 262, 328, 329,340 
in oleomargarincj 606 
in pasteurised milk, 531-535 
in separator cream, 259 
in stable air, 290 
in strippings, 270-272 
in udder, 267-278 
inert, 343, 531 
iron, 626 

lactic acid, 265, 266, 275, 343, 531, 
533, 534, 604 
classincation of, 344, 345 
distribution of, 350 
in starters, 604 
on cow hair, 285 
on flies, 293 
on hands, 295 
pathogenic, in butter, 605 
in buttermilk, 399 
in cheese, 626 
in cream, 399 
in ice-cream, 644 
in milk, 410, 430 
peptoqizing, 266, 343, 531, 586 
propionic acid, 875, 620 
proteolytic, 265, 266 
rennet-forming, 266, 386 
soil, 348 

surviving pasteurization, 531 
Bacterial examination at buttei, 609 
of certified milk, 501-503 
of cheese, 627 
of concentrated milk, 653 
of mUk, 409, SOI 
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Bactericidal subetanoee in milk, 243, 
249,250 

Bacterium cajruleum, 379' 
casei fusci, 625 
caucasioum, 365,366, 401 
fulvum, 386 
plntheri, 341 
indiaonaceum, 379 
kirchneri, 386 
lactis, 346 

acidi, 275,276,291,292,341,347, 
349, 364 
longi, 400 
mazun, 404 
■ of lactic acid, 347 
of long milk, 400 
of sour milk, 347 
peptogenes, 384 
aapolyticum, 386 
syncyaneum, 378 
synxanthum, 379 
Bang system, 455 
Barrel chum, 22 
Bedding for cows, 293 
Benzidin test, 238 
Benzoic acid in milk, 225 

detection of, 228, 507 
Beta-naphthol, 235 
Binders in ice-cream, 633 
Biorization of milk, 542 
Bitch’s milk, 70 
Bitter butter, 607 
cheese, 625 
milk, 385 
Blue cheese, 626 
milk, 377 

Boas^lppler bacillus, 341, 365, 366, 
370 

Body of ice-cream, 633 
Bohemian pyopagus twins, 39 
Boiled milk for infant feeding, 687 
Borax in milk, 224 

detection of, 227, 506 
Boric acid in milk, 224 

detection of, 227, 506 
Botryomycosia, 474 
Bottle cappers, 319, 320, 491 
fillers, 319 
washers, 325, 326 
Bottling hot pasteurized milk, 524 
Botulism, 241 
Bovine casein, 86, 657 
tubercle bacilli, 435, 445, 468 
tuberculosis, 444-461 
Bovovaccine, 457 
Bowl sediment, 601 
Box chum, 22 
Bread, salt-rising, 365 
Breed’s counting method, 422-424 
Breeds of dairy cows, 572, 573 
Brie cheese, 612, 624 
Brinsen cheese, 623 


Brown Swiss, 673 
Buddrized nc^, 225, 541 
Buffalo’s milk, 70,657 
Bull associations, co-operative, 579, 
580 

Burrell-Lawrence-Kennedy milking 
machine, 312, 313 
Butter, 599 
abnormal, 606 
analysis m, 609 
aroma of, 603, 605 
bacteria in, 606 
bacterial examination of, 609 
bitter taste in, 607 
cheesy taste in, 607 
chemical analysis of, 600 
churning, 605 
composition of, 600 
decolorization of, 607 
derivation of word, 19 
fat-splitting femient in, 234 
fishy flavor in, 608 
flavor in milk, 386 
influence of light on, 607 
mineral content of, 600 
off-flavor in, 608 
origin of, 18 
rancidity in, 606-608 
scoring of, 608 
streaky, 607 
texture of, 699, 605 
tubercle bacilli in, 447 
water in, 600 
whey-, 608 
working of, 605 

i Butter-fat, chemistry of, 78-81 
I melting-point of, 80, 108, 112, 120, 
121, 126 

■ separation of, 599 


I solubility of, 80 
Butterine, bacteria in, 606 
tubercle bacilli in, 447 
Buttermilk, 74, 397, 398 
Babcock test for fat in, 173-176 
bacteria in, 263, 399 
cheese, 619, 620 
composition of, 74, 76 
therapy, 396 
tubercle bacilli in, 447 
typhoid bacilli in, 399 
Butterwort, 380 
Butyric acid bacteria, 374, 375 
Butyrometer, 168 
Butyrorefractometcr, 148,149 
By-products of cheese factories, 323 
of creameries, 323 


Cadavebin in cheese, 626 
Calculation of fat in ice-cream, 641 
Caloric system of milk modifioation, 
586 



INDEX OF SUBJECTS 


m 


Camel’s mUk, 70, 657 
Oamembert cheese, 612, 621-623 
micnMtrgaDisms is, 621 
mold, 622, 623 

Campbell’s system of milk desiccation, 
651 

Can rinser, 320, 321 
Cane-sugar for infant feeding, 586 
in milk, detection of, 219 
Capping machines. 319, 320, 491 
Caramel in milk, ^1 
detection of, 222 

Carbohydrate-splitting ferment, 233 
Care of milk in home, 333 
on wagons, 332 
Carotin, 63, 221 
Casease, 231 
Casein, 71, 82 
agar, 415 
analysis of, 87 
ash-iree, 85, 86 
ass’s milk, 87 
bovine, 86, 657 
chemistry of, 82-8 
coagulation of, 89 
commercial uses of, 83 
composition of, 87 
formula of, 87 
goat, 87, 6^, 657 
composition of, 656 
molecular weight of, 656 
human, 87, 6M 
hydrolysis of, 89 
manufacture of, 580 
molecular weight of bovine, 88 
of goat, 656 
of human, 654 
origin of, 75 

precipitation of bovine, 82, 83, 88, 

go 

of human, 654 
preparation of, 83-86 
properties of, 86-90 
solubility of, 88, 90 
source of, 75 
specific gravity of, 88 
tests for, 188-191 
tryptic digestion of, 89 
Caseinogen, 82 
Caseoglutin, 618 
Caseone, 89 

Caseoses, determination of, 184 
Catalase, 234, 235, 463 
idddyd, 2% 
tests, 237, 625 

Criluhur elements in colostrum, 465 
in milk, 67, 63,463-466 
Centrifugation of milk, 56,132 
Centrifuge, Babcock, 162, 163 
Cephalin, M 
Cerabiond, 587 
Certified ioe-meam, 646 


Certified milk, 482 

bacterial examination ofi 502,503^ 
chemical examination of, S04^t0< 
definition of, 482 
producer’s association^ 497 
production of, 483-487, 497-610 
score card for, 492-495 
Changes in composition of milk, 128- 
134, 264-266 

Cheddar cheese, 233, 614, 616, 621 ' 
bacteria in, 62l 
tubercle bacilli in, 447 
Cheese, 611 * 

abnormal, 624 
bacteria in, 615-617 
bacterial examination of, 627 
bitter, 625 
blue, 626 
Brie, 612, 624 
Brinsen, 623 
buttermilk, 619, 620 
cadaverin in, 6^ 

Camembert, 612, 621-623 
micro-organisms in, 621 
Cheddar, 233, 614, 616, 621 
bactena in, 621 
tubercle bacilli in, 447 
chemical examination of, 628 
composition of, 613 
cottage, 233, 612, 619, 620 
tubercle bacilli in, 447 
cream, tubercle bacilli in, 447 
dishes, 613 

distribution of bacteria in, 615 
Edam, 380, 612 

Emmcnthaler, 375, 447, 612, 616, 
619, 620, 621 
bacteria in, 620, 621 
eyes in, 376, 619, 620 
tubercle bacilli in, 447 
factory by-products, 323 
food value of, 612 
from pasteurized milk, 614 
fruity flavor in, 625 
gassy, 617, 624 
goat’s milk, 624 
green, 20 

Gorgonzola, 612, 623 
hard, 611 

hydrogen sulphid in, 626 
indol in, 626 
Isigny, 612, 624 
lactobacilli in, 369, 617 
Limburger, 375, 612 
micro-organisms in, 613 
Neufchatel, 617, 626 
number of bacteria in, 616 
Parmesan, 612 
pathogenic bacteria in, 626 
poisoning, 626 
ptomains in, 626 
putresdn in, 626 
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Cheese, rennet, 611 
lipeniiig of, 611 
oulturee for, 61S 
Boqu^ort, 612, 610, 623 
rusty spots in, 625 
salt-soluble substance in, 00 
soft, 611,610 
sour milk, 611 
Stilton, 612, 623 
sweet, 626 
Swiss, 612 
texture of, 617 
tubercle bacilli in, 447,626 
varieties of, 612 
white spots in, 625 
yellow, 625 

Cheesy taste in butter, 607 
Chemah, 19 

Chemical analysis of butter, 609 
examination of certified milk, 504- 
610 

of cheese, 628 
of milk, 136, 604 
Chemistry of butter-fat, 78-81 
of casein, 82-86 
of milk, 70 
Chemius, 406 

Chladosporium butyrii, 606 
Chocolate-brown color in milk, 376 
Cholera infantum, 432, 478-480 
Cholesterin^ 70 
ChromoKcmc bacteria, 376 
Chumis, 406 
Chum, 18-^ 


Churning, 605, 607. 

Chymogen, 506 
Chymosin, 91 
Cifddu, 403 
Cistern in udder, 47 
Citric acid in milk, 70 
Clarifiers, 280, 281, 334, 513 
Classes of ice-cream, 645 
Classification of lactic acid bactena, 
344,345 

of lactobacilli, 371, 372 
Coagulating enzym, 91, 373 
Coaj^ation of-casein, 89 
of rennet , 90-97 

Coagulum formed by lactic acid bac¬ 
teria, 360, 361 

Co-efficient of expanaon, 66 
Cohesion of milk, 64 
Colloids in ice-cream, 633 
Colcmy counting apjmrktus, 417, 418 
Color of milk, 63, 64 
Colored milk. 37^379 
Oiloring matter in milk, 221, 222, 606 
Colostrum. 66, 62, 72, 73 
antibodira in, 242 
bacteria in, M9 
cells in, 465 
oomposition of. 72, 73 


Colostrum corpuscles, 36, 57, 78 
fat, 76, 77 

qxicific gravity of, 62, 63 
test for, 246 

Commercial starters, 604 
uses of casein, SS 
Complement fixation, 245 
in milk, 244 

Composite samples, 140, 141^ 171 
Composition of ass's milk, 105 
of nutter, 000 
of buttermilk, 74, 75 
of casein, 87 
of cheese, 613 
of colostrum. 72, 73 
of condensed milk, 648 
of cow’s milk, 70, 72, 105, 656 
of cream, 73, 74 
of desiccated milk, 648, 662 
of evaporated milk, 648 
of ewe’s milk, 70 
of foremilk, 112 
of goat’s milk, 105, 666, 666 
of human milk, 106, 584, 686 
of mare’s milk, 105 
of middle nulk, 112 
of milk, changes in, 128-184 
from different mammals, 70, 664 
powder, 648 
of skimmed milk, 74 
of stripplings, 112 
of whey, 74 

Compounds, amido-, in milk, 70,184 
Condensed milk, 648 

bacterial examination of, 663 


composition of, 648 
fat determination of, 662 
fishy odor in, 650 
plain, 648 
Condensation of milk, 649 
Conditions of rennet action, 93-97 
Construction of stable, 286-288 
Contagious abortion, 475-478 
immimization against, 477 
vaccingtion agamst, 477 
Continuous flow pasteurization, 819 
process pasteurization, 513 
Control of milk supplies, 644, 648 
Cooling milk, 328-332 
Co-operative bull associations, 579, 
580 

cheese factories, 580 
cow-testing associations, 677 
creameries, 580 

Corpuscles of Nissen, 86, 62, 60 
Ckist of pasteurizing milk, 537 
Cottage cheese, 233, 612, 619,620 
Counting apparatus for colomes, 417, 
418 

Cow feces, tubercle bacilli in, 448 
Cowpox, 474 

Cow-testing associations, 877 
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Cream, baeMtia in, 259,329 ' 
oompoutum cd, 73, 74 
foamy, 389 

gravity, 62, 64, 73,259,600 
homogmzed, 632 
ice-, ^ 

• layer, 62 
powder, 650 
ripened, 602 
ripening, 602 
sampling, 139,171 
separation from milk, 600, 601 
separator, 334, 601 
tek bottles, 159,167 
tubercle bacilli in, 447 
typhoid bacilli in, 399 
Creamery by-products, 323 
score card, 560 
Creaming, 62, 53, 601 
Creatin and creatinin, 99 
Crotin, 241 
CryoBora, 342 

Cultures for cheese ripening, 615 
Curd tests, 210, 361, 624 
Cystin, 90 


Dadbi, 403 

Dairy by-products, 680 
cows, 572 
herd, 572 
formation of, 573 
• _ productiveness of, 574 
inspmtion, 550 
requirements, 559 
score card, 652, 553 
troubles, eradication of, 386 
Danish type of pasteurizer, 514 
Decker’s sampling pipet, 138 
Deeolorization of butter, 807 
Decomposition in infants, 595 
<rf milk-fat, 81 

of products in cheese, 617, 618 
of Bacillus eoli, 352 
of micro-oiganisms in milk, 264 
of Streptococcus lactieus, 352 
Dkextrose, 99 
Deep^tting system, 55, 600 
Definition of certified milk, 482 
of ice-cream, 645 
D-galaotose, 99 
Dq^ees <rf acidity, 199 
Derivation of word butter, 19 
Desiccated milk, 648, 650 
composition of, 648, 652 
modified milk, 652 
Desiccation of milk, 651 
Detection of anilin-dyes, 221 
orange, 222 
of annatto, 221 
of aso-dyee, 221 
of b»izoic acid, 228, 507 


Detection of bOTax, 227, 606 
of boric acid, 227, 506 
erf oaiie«^, 219 

of caramcC 

of catalase, 237 
of coloring matter, 221, 506 
of colostrum milk, 246 
of foreign fat, 220 
of formaldehyd, 225-227, 506 
of gelatin, 2;W 

of heated milk, 237, 238, 507 
of mastitis milk, 246 
of nitrates, 219 ^ 

of salicylic acid, 229, 507 
of skimmed milk, 214 
of sodium bicarbonate, 229 
carbonate, 229 
of thickening agents, 219 
of watered milk, 214 
Determination of acidity, 196-200 
of albumin, 183 
of amido-compounds, 184 
of ammonia, 184 
of ash, 179-181 
of casein, 183 
of caseoses, 184 
of fat, 147-175 
in butter, 609 
in buttermilk, 173 
in cheese, 628 
in concentrated milk, 652 
in ice-cream, 639 
in skimmed milk and whey, 173 
of formaldehyd in mQk, 227 
of ice-cream overrun, 635-637 
of lactalbumin, 183 
of lactose. 191-196 
of milk-sugar, 191-196 
of pepton, 184 
of plasma solids, 176 
of protein, 181-191, 506 
of solids-not-fat, 176 
of specific gravity, 141-147 
of total nitrogen, 181 < 

solids, 175 
Deutro-caseose, 618 
Development of mammary gland, 84 
Devons, 573 
Dextran, 384 
Dextrimaltose, 586, 593 
Dextro-rotatory lactic acid, 3S7-MD 
Dextrose, 71, 100 
Diagnosis of tuberculosis, 449 
Dialysis of milk. 133 
Diastatic ferment in hummi milk, 585 
Difference in composition of milk due 
to breed, 106 
due to individuality, 110 
from the same individual. 111 
Differentiation of streptococci, 467- 
473 

Dilution of milk, 133 
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Diphtheria, 439, 440 

carriers, 439 ,. , • 

Direct enumeration of bacteria, Ui.- 

424 

Dirt in milk. 27^282 

Diseases, milk-borni^ «7 
Dirinfection of stable, 

Dissemination of tuberouloM.s, 44.i, 
448 119 

Distribution of Bacillus coh, 3.50 
of bacteria in clu*8e, Olt) 
in sream, 259 
in ice-cream, 043 
in milk, 2.58 
inuiUler, 273 

of lactic acid bacteria, 3ao 

of lactobacilli, 507 

of milk, 581 arjl 

of Streptococcus lacticus, 3oo 
Dolphin's milk, 70 
Drosera, 41X) 

Dust in stable air, 280 
Dutch Belteil, .573 

Dysentery, 439 

Dysiicpsia of infants, 593 


Ei-ONOMIC asiK'ct of milk proiluetion. 

.509 

K:J'?^oK|s..nmilk.l^ 

Khrlich’s hyi>o/J‘‘'^‘'*’ 

Eiweias milk, o.t.'i dwiccation 

Ekenbers system of miia nes 

eSibo and Borers'm.-dium, 027 
Electric conductivity, 07 

Elem«analy^ of casein, 87 

Elepijant/a milk, 70 gj2 

Bmnienthaler chw^, 3/0, ■«,, 

616,,619, OW, fi21 

bact«na in, G^, 
eyes in, 375, 019, 0^ 
tubercle bacillun, 447 
Emulsion, 51, 01, 02, 71 

Endo-enzyms, 

■•o' 

coaguUtmj:, 91, 37d 

endo-, 2^ 
exo-, 2^ 

extracellular, 230 

faDsplittmii. jn b“^' ^ 
in cow’s milk, AW 
in human milk, 58o 

43 


Enzyms in milk, 70, m 231, 636,585 
inherent, 2^, 236 
intracellular, 230 

Epithelial cells, 59 
Epizootic abortion, 47^"8 
i:<iuist*tuiu arvenee, 378 
' Kuuitv inilk sampler, low 

Sation of dairy mubles, 386 

of tuberculosis, 455-4&/ 

I repsin, 89 
I reptnsi', 018 
l,;J.„,ial oils m milk,J^ 

l.:uphorb.umurticrfolnmn47 

EviiIsiraKsl milk, M8, tHH 
bacteria m, 049 

E.we's milk, 105 haetermi, 41. 

!• xamination of milk, bacterial, 

eheinieal, 130, 504 

Exe.i:Kl'.!^ous influence, 127 

Exiwnzynis, 230 

I ’Alraeelhilar enzyms, 230 
Extract, rennet, «» 

l|5!Si.StWercheesc,375,019, 


020 
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other extraction, 147 

(lorb<“r’s, 105, 

Dflman-Bcam a, .)(rt 

refractometer method, 14S 

Kussian, 164 
148 

diarrhea, .595 60-62, 80, 

'“'ft SViw 

teat for, t7W76 
in cheese, 613 „ 

Babcock’s tM fo^ 
in concentrated milk, 

in cream, Bal^^k’s t€«t for, 167 
in foremilk, 112 
in human milk, 654 
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Via ia ioeKiream, Babcock’s teat for, 
639 

is middle milk. 112 
in skimmed milk, Babcock’s test for, 
173-176 


in strippingH, 112 

melting-pomt of, 108,112,120,121, 


Fat-saturated alcohol, 186, 173 
Fat-soap stool, 503 
Fat-splitting ferment in butter, 234 
in cow’s milk, 234 
in human milk, .58.') 

Feeding fat into milk, 12.5 
Fermentation lactic; acid, 358 
of silage, 369 
tests, 210 

Fermented milks. 302 
Ferments in ocw's milk, 230 
in human milk, 585 
organised, 230 
unorganized, 230 
Kcser’s lactoscopc, 217 
Fibrin ferment, 230 
Fillers in ice-cream, 633 
Filtration of milk, 334 
Final package nwteurization, 522-528 
Fishmouth milidng pail, 301 
Fishy flavor in butter, 608 
otfor in condensed milk, 6.50 
Flash process of pasteurization, 513 
Flavor of butter, 80 
of ice-cream, 632 
of milk, 80 

Fleischmann’s formula, 179 
Fliegel’s sediment test, 203 
Floating curd, 211, 625 
Fluoride in mdk, 223, 225 


Foamy cream, 389 

Food balanoe in infant feeding, 593 


influence on milk, 123 
value of cheese, 812 
Foot-and-mouth disease, 461 
Foreign fat in milk, 220 
Foremilk, bacteria in, 270-272 
oompomtion of, 112 
fat in, 112 

Formaldchyd in milk, 223 
deteotion of, 226-227, 506 
Formation of dairy herd, 573 
of secretion, 34 
Formula of casein, 87 
Fieezine, 223 
Freezing ice-cream, 632 
' of mnk, 128 

Freezing-ixiint of cow’s milk, 67,128 
of human milk, 654 
Frenidi ice-cream, 631 
Fried ice-cream, 631 
Froat'a counting method, ^ 

Frmien custard, 632 
: ndlk, 542 


Fruity flaVor in che^, 625 
odor in milk, 386 


Gju-actan, 384 
Galactase, 231-233 
Galactolipins, 687 
Galactose, 99, 587 
Galactozyme, 98 
Gamoose, 100 
Garget, 462-473 
Gases in milk, 70, 71, 102-104 
Gassy chcosc, 617, 624 
curd, 211 

(lastro-cnteritis, 478 
Gelatin, detection of, 220 
in ice-cream, 633 
Gerber’s butyrometer, 165 
fat determination, 1()5, 505 
fermentation test, 211 
sediment test, 203 
(lerm carriers, 434 
Germicidal pro])erty of milk, 249 
Gioddu, 366, 403 
(iirba, 17 
Girbc, 17 

Glac(! k la erkme, 630 
Gland ducts, 37 
lobuli-s, 47 

Globe milking machine, 312 
Globulin in milk, 71 
source of, 76 
Glutaminic acid, 618 
Glyccrids of non-volatile acids, 71,79, 
SO 

of volatile aci<ls, 71, 79, 80 
Glycocoll, 90 
(ilymol, 173 

Goat casein, 87, 656, 6.57 
comix)sition of, 656 
milk, 70, 105, 655-657 
cheese, 624 

composition of, 106, 665 
fat globules in, 655 
tubercle bacilli in, 6.57 
Gorgonzola cheese, 612, 623 
tlrading milk, 645 

Granulobacillus saccharobutyricus im- 
mobilis, 376 
mobilis, 374 

Gravity cream, 52, 54, 73,259, 600 
Green cheese, W 
Gros lait, 401 _ 

Growth of bacteria in udder, 273 
Guaiacum, 235 
Guernseys, 672 

Gum tragacanth in iee-cteam, 634 


Haptoobn membrane, 88 
Hard cheese, 611 
Hart's casein tests, 186-188 
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fat test tat, 639 


Htet, ilifluwieetm milk, 13t, 13^ 
UeatM mifa, detecticm (rf,'237, 238, 
fi07,540 , 

Htsho^’s fom&idehjTd test, 2^ 
numbct, 81- . 

Sebner and Bidunond’s fcdmuia, 179 
Held paateurization, 518-622’ 
Hemi-vaacin-alGumin, 93 
Hemolyiuna in milk, 243 
Hepin, 541 

Hera’s formula for skimmed milk, 215 
for watered milk, 215 
and skimmed mUkf216 
Histidin, 618 
Historical, 17 
History of ice-cream, 530 
Holding process' of pasteurization, 
518-522 

Home pasteurization, 538 
Homogenized cream, 62, 632 
Hormones, 38-40 
Horsetail, 378 
Human milk, 70, 584, 654 
ash in, 654 
casein, 87, 654 
molecular weight of, 654 
precipitation of, 654 
coiu|S)sition of, 105, .584, 666 
diaslatic ferment in, 585 
fat in, 654 
globules in, 654 
fat-splitting ferment in, 585 
freezing-pnnt of, 654 
paracasein, molecular weiglit ot, 
6.54 

properties of, 6.54 
reaction of, 6.54 
rennet coagulation, 6.54 
speeihe gravity of, 6,54 
tuberculosis, 44.3, 44.5 
tyiie of tubercle l>acilli, 4.58, 460 
Hydrogen peroxid, 223, 225, 2;i4, 235 
sulphid in cheese, 618, 626 
in milk, 70, 1.32 
Hydrogenase, 236 
Hydrolysis of casein, 89 
Hypersensitiveness, 243 
Hypoxanthin, 78, £19 


Ice-cream, 630 
American, 631 
bacteria in, 642 
binders in, 633 
Ixxiy of, ^3 
certiified, 646 
classes of, 645 
colloids in, 633 
definition of, 645 
distribution of bacteria in,.643 
eg^ in, 633 
epidemics, 644 


fillers m, 633 
flavors of, 032 
Front^, ^1 
fried; 631 
gelatin in, 633 
growth of bacteria in, 644 
gum tragacanth in, 634 
neapolitan, 634 
overrun, 632 
test for, 6.35-637 
liathogcnic bacteria in, 644, 646 
poisoning, 645 
jKiwder, 634 
refreezing, 639 
rigulations, 646 
ix'nnet in, 634 
ri{iening of, 632 
. sampling of, 636 
scorinit of, 646 
solids in, 632 
source of bacteria in, 643 
stabilizers in, 633 
Streptococci m, 644 
swell of, 632 
texture of, 633 
tragacanth in, 
tulx-rcle bacilli in, 447 
Iceline, '223 
lees, .636 

lininersion refractometer, 217 
.Immune bodies in milk, 240, 241 
Immunization against contagious 
abortion, 477 
tuberculosis, 457 
Inactive lactic acid, 357 
liK'ubation period of milk, 264 
Indi>x of oxidation, 216 
Indigo, 236 

Imiol in cheese, 618, 626 
Inert bacteria, 343, 531 
Infant, alimentary disturbances in, 
,590 

atrophy in, .59.5 
deconilioail ion in, 695 
dyspoiisia in, .593 
feisling, 584, .586, .588 
Ixiihxl milk for, .587 
canesiugar for, 686 
milk-sugar for, 586 
oatmeal gniel for, 587 
pasteurized milk for, 587 
quantity of milk for, 588 
nce-water for, 587 
infectious diarrhea of, 596 
intoxication, 594 
mortality, 432, ,596, 597 
overfeeding of, 592 
underfeeding of, 692 
welfare, 596, .597 
societies, 598 

Infectious ^lortion, 475-478 
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Infectious diarrhea of infants, 596 j 
Influence on compositiMi of milk due 
to skill of milker, 127 
(rf acids on rennet action, 93 
of alkali on rennet action, 93 
of dilution of milk on rennet action, 
96 

of electricity on milk, 133 
of food on milk, 123 
of heat on milk, 131, 132 
of light on butter, 607 
of quality of milk on rennet action, 
96 

of salts on rennet action, 94, 95 
of temj)erature on rennet action, 95 
of thunderstorms on milk, 133 
of weather and temperature on milk, 
126, 127 

Inherent milk enzyms, 230 
InspiiCted milk, 545 
Inspection of dairies, 550 
Intoxication, auto-, 392, 394 
infantile, 594 
Intracellular enzyms, 230 
Intradermal tuberculin tot, 452 
lodin numlaT, 76, 108, 113, 114, 120, 
121,122,125 
Iodized fat, 125 
lodo-albumin, 125 
Iodo-cascin| 125 
Iron bacteria, 626 
Isigny cheese, 612, 624 
Isocasein, 89 

Isolation of pathogenic bacteria from 
milk, 430 


Jackets, milk sliipping, 329 
Jaurt, 402 
Jerseys, 573 
Joghurt, 402 
Juj^rt, 402 

Just sj^m of milk desiccation, 651 


KiAPYn, 404 
Keffir,404 
Kefir, 366, 404-406 
grains, 404, 405 
Kephir, 404 
K^hor, 404 
Khoumese, 406 
Kifyr, 404 

Kinds of bacteria in udder, 274 
of lactic acid produced by bacteria, 
357, 370 

of micro-organisms in milk, 340 
Kirba, 17 
Kime, 17 
Kimu, 17 
Kiss^lo m41ko, 402 

Kjeldahl-Gunning protein determina¬ 
tion, 606 


Kjerneiiielk, 400 

Koettstorfer number, 108, 114, 120, 
121 . ' 

Koning’s catalase test, 237 . 
Kdmchen bacillus, 365, 367 ' 
Koumiss, 406 
Kumiss, 19, 404, 406 
Kumys, 406 
Kyppe, 404 


Laban, 403 
Lac coactum, 20 
compressum, 20 
concretum, M 
Lactalbumin, 71, 97 
determination of, 183 
source of, 75 
Lactation, 37 
period, 43 
physiology of, 32 
theories of, 37 

Lactic acid bacteria, 100,265,268,275, 
343, 531, 533, 534, 604 
classification of, 344, 345 
distribution of, 350 
thermal deathimint of, 534 
dextro-rotatory, 357-360 
fermentation, 358 
kinds of, produced by bacteria, 
357-360, 370 
levo-rotatory, 357 
modifications of, 357 
racemic, 357 
rotation of, 357 
streptococci, 472 

Lactobacilli, 100, 260, 365-372, 384 
distribution of, 307 
in chi'cat!, 309 
in whey, 370 
Lactobacilline milk, 395 
Lactochrome, 63 
Lactodensimeter, 508 
Lactoglobulin, 98 
source of, 75 
Lactometer, 25, 142 
New York Board of He althil42,143 
Quevenne, 142, 143 
Shaw and Eckles, 142, 143 
Spt'nce’s New York Board of Health, 
143 

Laetomucin, 70, 98 
Lnetoprotein, 98 
Lactoscope, 216 
Lactose, 71, 99 
determination of, 191-196 
in infant feeding, 586 
I^actose-fcrmenting yeasts, 100 
Lactosen, 70 
Lacto-serum, 243, 246 
I<acto-aerum-protein, 93 
Lactothermometer, 143 
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Lange wai, 08 , 380 
Leach’s formaldehyd test, 2% 

Leben, 366, 403 
ralb,403 

Lecithin, 70, 99, 256 
leffman-Beam's casein and albumin 
determination, 183 
fat determination, 504 
Legislation, milk, 564 
Leptothrix buccalis, 365 
Leucin in cheese, 618 ' 

Leukocytes in colostrum, 63, 465 
in mU|(, 36, 59, 463^66 
Levo-rotatory lactic acid, 357 
Levure lactique, 346 
Limburger cheese, 612 
Llama's milk, 70 
Location of mammary glands, 33 
Lorenz sediment tester, 203 
L);mphocytes in coloBtrum, 63 
in milk, 59 
Lysin, 618 


Malta fever, 478 
Mammary glands, 32-34, 37, 38 
Manns’ acidity test, 197 
Manufacture of casein, 580 
Marasmus, 595 
Mare’s milk, 70, 105, 407, 657 
Market milk, bacteria in, 261-263 
streptococci in, '275, 276, 424 
tubercle bacilli in, 263, 446, 447 
Marsh gas, 70 
Marshall’s acidity test, 198 
rennet test, 208 
Mastitis, 441, 462-473 
milk, 442 
tek for, 246 
streptococci, 441 
Matzoon, 403 
Mazun, 366, 403, 404 
Mazzoradu, 403 
Maya. 402 

McKay sampler, 137 • 

Medical milk commissions, 483 
Melting-point of milk-fat, 80,108,112, 
120, 121, 125 

Membranes of fat globules, 61 
Mercaptan in cheese, 618 
Mesoflora, 342 • 

Methods of milk condensation, 649 
pasteurization, 513 

Methylene-blue test for bacteria, 237 
Micrococci, 346, 372 
acid-coagulating, 373 
acid-rennet, 386 
in udder, 278 

Micrococcus casei amari, 625 
cerasinus, 379 
chromoflavus, 625 
la^ scidi, 276 


Micrococcus lactis allndus, 276 
amari, 386 
aureus, 276 
varians, 276 
melitensiB, 4US 

Micro-organisms i& bowl sediiMBt, 
259 

in Camembert cheese, ^1 
in milk, 258, 31H) 
in separator cream, 259 
milk, 259 
slime, 259 

in udder, 258, 267-278 

Microscopic test for heated milk, 807, 
540 

Middle milk, bacteria in, 270-272 
composition of, 112 
fat in, 112 

Milk, abnormal taste and odor of, 386 
adulteration of, 213 
aSration of, 102, 335 
amlutinins in, 243, 251 
aJbumose in, ^ 
ammonia in, 70 
determination of, 184 
anaerobes in, 374, 427 
anilin dyes in, 221 
antibodies in, 70, ‘240, 585 
antitoxins in, 240 
ash of, 101, 102, 121 
determination of, 179-181 
ass’s, 70, 105, 657 
bacteria, 340 

bacteria in, 261, 262, 328, 329, 410 
baetericidal substances in, 243, 249, 
25() 

benzoic acid in, 225, 228, 507 
biorization of, 542 
bitch’s, 70 
bitter, 385 
blue, 377 

borax and boracic acid in, 224, 227, 
506 

epidemiology of, 435-437 
bottles, 327, 335, 671 
buddeized, 226, 541 
buffalo’s, 70, 667 
camel’s, 70, 667 
can jackets, 329 
cans, 315, 316 
caramel in, 221 
care of, in home, 333 
on wagon, 332 
centrifugation of, 56,132 
certified, 482 
champame, 407 

chemical examination d, 186,504 
chemistry of, 70 
chocolate-brown, 376 
clarifien, 280, 281, 334, 513 
colored, 376-379 
coloring matter in, 221, 222, 500 
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Milk commiasioh, 483 ■ 
eompouitioii of, 70, 72,105,666 
concentrated, 648 
oondenaed, 648 
coolers, 317, 318 
dealers’ license, 567 
de;>otB, 557 
desiccation of, 661 
dialysis of, 133 
dilution of, 133 
distribution of, 681 
dolphin’s, 70 
eiweiss, 596 
elephant’s, 70 

enumeration of bacteria in, 413,421 
enzyms, 70, 230, 231, 536, 585 
essentitJ oils in, 240 
evaporated, 648 
expansion of, 66 

fat-splittinc ferment in, 234, 585 

fermented, 392 

ferments in, 230 

ater, 280 

filtration of, 334 

flavor of, 80 

fluorids in, 223, 225 

formaldehyd in, 223, 225-227, 506 

freezina-point of, 67, 128, 654 

from different mammals, 70, 654 

fruity odor in, 386 

gases in, 70, 71, 102-104 

germicidal property of, 249 

goat’s, 70,105, 655-667 

grading of, 545 

human, 70, 584, 664 

composition of, 105, 684, 656 
properties of, 654 
hydrogen peroxid in, 223, 225 
immune bodies in, 240, 241 
incubation period of, 264 
in relation to infant feeding, 584 
inspected, 545 
legislation, 564 
leukocytes in, 36, 59, 463-466 
line, 37 
llama's, 70 

mare’s, 70, 105, «7, 657 
micro-organisms in, 258, 340 
mineral content of, 78, lOl 
modification of, 585 
molds in, 265, 388 

normal, 63 _ 

souring of, 264-266, 340, 343, 350, 
351 

opsonins in, 243 
ordinance, 665 
oxidases in, 234 
ozonization of, 642 
pails, 297-306 

pasteurization of, 131,268, 511 
pathogenic bacteria in, 410,430 
phagocytes in, 69,249 


Milk, physical examinatkm (tf, 136 
plasma, 51, 71 
poisoning, 444 
poisonous, 4^ 

potassium bichromate in, 223,226 

powder, 660 

precipitins in, 243 

preservatives in, 223 

price of, 569, 670 

rabbit’s, 70 

rancid odor in, 386 

reaction of, 104 

red, 379 

reductases in, 234, 236 
regulations, 545 
reindeer’s, 70 
ripened, 398 
ropy, 380-385 

salicylic acid in, 223, 225,229, 607 
samplers, 136-139 
sampling, 136-140, 428 
scale, Richmond's, 179 
secretion, 34, 40 
formation of, 34 
serum, 71 
sheep’s, 657 
shipping jackets, 329 
sickness, 474 
slimy, 380-^85 
soapy, 386 

sodium carbonate and bicarbonate 
in, 229 

souring of, 264-266, 340, 343, 350, 
351 

sow’s, 70 

specific gravity of, 52, 65-67, 121, 
141-147 

spontaneous souring of, 264 
strainers, 304, 316, 317 
strawberry odor in, 386 
streptococci in, 275, 276, 424 
streptothrix in, 388 
stringy, 380-3^ 
superoxidases in, 234 
supplies, control of, 644, 546 
teat bottles, 159 
thickening agents in, 219 
thief, 139 
tonil® in, 388 
toxins in, 240 

transportation of, 327, 329, 551 
typhoid bacilli in, 433 
viscous, 384 
watered, 214 

yeasts in, 265, 276, 388, 402 
yellow, 379 

Milk-bome epidanics, 263, 411, 430 
infections, 263, 411, 430, 432 
Milk-fat, 51, 71, 81 
decomposition of, 81 
melting-point of, 80 
rancidity of, 81 
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Milk-fat, solubility of, 80 
source of, 76 
^cific gravity of, 52 
Milk-fiour, ^ 

Milk-ice, 631 

Milk-sugar, 37, 71, 78, 89, 99 
determination of, 191,196 
source of, 78 
Milk-wine, 406 
Milking, 2% 
bag, Nutricia, 284 
machines, 42, 305-314 
Butrcfl-Lawrence-Kennedy, 312, 
313 

Globe, 312 
Thistle, 307 
stools, 327 

Mineral content of butter, 600 
of milk, 78, 101 
source of, 78 

Modification of Babcock test, 164r-167 
of lactic acid, 357 
of milk, 585 

Mold spores in milk, 512 
Molds in milk, 265, 388 
in udder, 276 

Molecular weight of bovine casein, 88 
paracasein, 88 
of goat casein, 656 
paracasein, 
of human casein, 654 
paracasein, 654 
Mono-amino acids, 90 
Monrad’s rennet test, 207 
Morphology of streptococci, 364 
Mortality, infantile, 432, 5^, 597 
Mother starters, 604 
Mucin, 71 

Mucoid protein, 61, 98 
Myristicm, 80 


Nabbow-top pails, ^-305 
Natural cream ripening, 603 
starters, 603 

Nature of fat globules, 60 
Neapolitan ice-cream, 634 
Neufchatel cheese, 617, 627 
New York Board of Health lactom¬ 
eter, 142, 143 
milk regulations, 545 
Nissen corpuscles, Z5, 52, 60 
Nitrates in milk, detection of, 219 
Nitrogen-CMitaining extractives, 70,99 
Non-volatile acids, 71, 79, 80 
Normal milk, 63 

souring ^ milk, 264-266, 340, 343, 
350,351 
Nucleic acid, 75 
Nucleoglycoprotein, 75 
Nueleoprotem, 87 
Number of bacteria in butter, 606 


Number erf bactm'a in cheese, 616 
‘ in icecream, 642 
in market milk, 261 
in udder, 274 
Nutricia milking bag, 284 
Nutritive ratio, 124 


Oatmeal gruel lor infant feeding, 687 
Objections to pasteurization, 530-538 
Occult tuberculosis, 454 
Ocular tuberculin test, 453 
Odor in milk, 64, 71, 80 
abnormal, 386 
Off-flavors in butter, 608 
Official Dairy Instructors Association, 

r)62 

Oidium lactis, 388, 401, 606, 622, 623 
Ojran, 407 
Olein, 80 

Oleomargarine, bacteria in, 606 
tulxTcle bacilli in, 447 
Omeira, 4t)8 
Opalisin, 98 
O])sonins in milk, 243 
Ordinance for milk supplies, 665 
Organized ferments, 230 
Origin of butter, 18 
of casein, 75 
of globulin, 75 
of lactalbumin, 75 
of lactoglobiilin, 75 
of lactose, 78 
of milk constituents, 76 
of milk-fat, 76 
of milk-sugar, 78 
of mineral constituents, 78 
Orotic acid, 70, 99 
Ostertag system, 455 
Overfeetling of infants, 592 
Overrun of ice-cream, 632 
Oxidases in milk, 234 
Ozonization of milk, 542 


Pails, narrow-top, 300-305 
small-top, 300-305 
Palmitin, 80 
Paracasein, 82, 86, 92 
ash-free, 86 
lactate, 90 

molecular weight of, 88, 654, 666 
Paralactic bacillus, 392 
Paranuclein, 618 
Paraphenylindiamin, 235 
Paratyphoid fever, 439 
Parmesan cheese, 612 
Passburg system of milk dcMccation, 
652 

Pasteurization, continuous, 518 
flow, 619 
cooling after, 528 
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PaitwiiatioD, cost of, 537 
extent of, 538 
flash, 513 

held prooeae of, 518-522 
holder prooeae of, 518-522 
home, 538 

in final psclcage, 522-528 
objeotione to, 530-538 
of milk, 131, 263, 511 
of ekinuned milk and whey, 629 
plants, 561 
systems of, 513 

Pasteurized cream for butter, 606 
for cheese, 614 
milk and public health, 529 
bacteria m, 531-535 
for infant feeding, 587 
mietosoopic test for, 540 
testa for, 530 

Pasteurizers, absolute holders, 519 
continuous flash, 513 
holders, 519 
Danish tj^, 514 
flash, 513 
regenerative, 614 
retarder type, 620 
tubular type, 514 
Pathogenic bacteria in butter, 605 
in buttermilk, 399 
in cheese, 626 
in cream, 399 
in ice-cream, 644 
in milk, 410, 4% 
isolatira of, 430 

sti^tooocci, thermal deathpoint of, 

Pavy-ling’s lactose determination, 
196 

Pearl disease, 450 
Penicillium camemberti,-621, 623 
glaucum, 623 
roquefortii, 619 
Pepsin, 91 
Pepton, 618 
determination of; 184 
Pe^nizing bacteria, 266, 343, 531, 

Percentage system of milk modifica¬ 
tion, 586 
Perlsucht, 450 
Perhydrol, 237 
Perbiiidases in milk, 234-236 
Phagocytes in milk, 59, 249 
Phases of milk-souring, 264-286, 340 
Phenol, 235 
niencdphthalein, 235 
Phosphoprotein, 76, 87 
Phrencsin, 587 

I%ysical examination of milk, 136 
properties of milk, SI 
Physiologic origin of milk constituents, 


Phymdogy of lactatian, 82 
Fluents in milk, 63, 70 
Pinguicula vulgaris, 400 
Fituitrin, 41 
Plasma, milk, 51,71 
solids, 78 ■ 
determination irf, 178 
specific gravity «, 65 
Piatetets in<milk','57 
Plectridium fcCtii^m, 375 
Podkwass^ 402 
Poisonii^ from cheese, 626 
from ice-cream, 645 
from milk, 444 
Poisonous milk, 443 
Polariscope, 192 
Polenske’s number, 81 
Polled DurhamS', 573 
Pope’s whitewash, 388 
Potassium bichromate in milk , 223, 
225 

Potassium-iodid-starch test, 530 
Powdered cream, 650 
Precipitation of bovine casein, 82, 83, 
88, 90 

of human casein, 654 
Precipitin reaction, 244 
Precipitins in milk, 243 
Premature infants, 589 
senility, 392 

Preparation of casein, 83-86 
of tuberculin, 460 
Preservaline, 223, 506 
Preservatives in milk, 223 
Presumptive Bacillus coll test, 425 
Price of milk, 569, 670 
Primitive methods of milking, 18 
Production of certified milk, 483-487, 
497-510 

Productiveness of dairy herds, 574 
Properties of bovine casein, 86 
of human milk, 654 
of normal milk, 63 
Propionic acid bacteria, 377, 620 
Proteins, determination of, 181-191, 
506 

Proteolytic bacteria, 266, 266 
enzyms, 91, 231 
Proteus in milk, 427 
in udder, 276 
Protocaserae, 618 
Ptomains in cheese, 626 
Pseudoglobulin, 242 
Publow’s acidity test, 198 
Pulp bottles for milk, 571 
Putrescin in ^eese, 626 
Pycnometer, 142,146 


QcANTrrr of milk for infant feeding, 
588 

produced by cows, ^ 
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^juaBUt^cf milk produced during lac¬ 
tation period, 44 
^arg, 20 

Quevenne lactometer, 142,143 


Rabbit’s milk, 70 
Rabies, 473 

Racemic lactic acid, 357 
Rack, 407 
Racky, 407 

Rancid'odur in milk, 386 
Rancidity of butter, 006-608 
of milMat, 81 
Reaction, Arnold’s, 238, 607 
of cow’s milk, 104 
of human milk, 104 
precipitin, 244 
liothenfuaser, 238 
Recknagel phenomenon, 67, 142 
Red milk, 379 
[Hjlls, 573 

Reductio'cs in milk, 234, 236 
Refractive index, 67 
Refraetivity, 67 
liefraetonx ter, 148, 196, 217 
Retreezmg ieiM'ream, 639 
Refrigt rator ears, ,551 
Regeiurative |)asteurizers, 514 
Regulations for iei'-creuni manufae- 
ture, 646 

for n ilk supplies, ,545 
ReichertrMeissI nuniher, 81, 1(18, 112, 
113, 114, 120, 121, 122 
Reiniann’s plummet, 146 
Reindeer’s milk, 70 
Relation of dirt to genu content, 281 
Renk’s sediment test, 202 
Rennet, 90 
action, 90 

inOuenee of acids on, 93 
of alkalies on, 93 
cheese, 611 
coagulation, 90-97 
extraid, 90 
in ice-cream, 634 
tests of milk, 207 
Rennet-forming bacteria, 266, 386 
Rennin, 91, 92, 230 
inhibition, 248 

temperature resistance of, 96 
Requirements for dairies, .5.59 
Retarder type pasteurir-er, .520 
Rice-water for infant feeding, 587 
Richmond’s formula, 179 
sliding rule, 179 
Ricin, 241 
Rickets, 635 
Ripened cream, 602 
milk, 398 

Ripening of cheese, 611, 61o 
of cream, 602, 603 
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Rittiiausen nitrogen determination, 


Roba, 403 
Ropy milk, 380-385 
Roquefort clicese, 612, 623 
mold, 623 

Rotation of lactic acid, 357 
Rothenfusser reaction, 238 
Russian fat Owt, 16! 

Rusty spots in cheese, 625 


Sacchahohvckb oerevisia', 400 
Sakwiiska, 405 

Salicj li<' acid in milk, 223, 225 
delM'tion of, 229, .5t)7 
Salolase, 234 
Salt-rising breiwl, 366 
Salt-soluble substance in cheese, 90 
Samplers, milk, 136-140 
Sanijiling chis se, 6'28 
cream, 139, 171 
ice-cream, 635 
milk, 136-140, 428 
pipet, 138 
Sarema lutea, 379 
rosea, 379 

Sareina' in udder, 276 
Searlet fever, 443 
S(4iardmg<'r’s re<lucta.se, 236 
test, 2;i9 

Seoh' card for eertihed milk, 492-495 
for ereamc’ries, .5til) 
for dairies, 552, .5.53 
for milk depots, ,5.57 
for pa.st<‘uri'/,ation phints, ,561 
for stores, .5.56, .562 
Seoring butter, 608 
iee-eream, 646 
Seovell’s sani|>1ing tube, 137 
Scurvy, ,535, .5tK) 

.Sx'cretion of milk, .'14, 40 
formation of, 34 
Si'diment, test, 2141-2tt7, 281 
Separation of butter-fat, .599 
of cream from milk, 600, 601 
S<-parntor cream, 2.59, (KKI 
milk, 2.59 
slime, t'lOl 

Septic sore throat, 440-443 
Serum, milk, 71 

Shallow pan system of cream separa¬ 
tion, 600 

Shaw and l->,kles' lactometer, 142,143 

Sheep’s milk, 70, 6.57 

Shipping jackets, 329 

Short horns, .573 

Silage fermentation, 369 

•Sinus lactiferus, 47 

Size of fat globules, .52, .55, 60, 108, 
113 

Skatol in cheese, 618 
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aumined milk, 82 _ 
compemtion of, <’ 
dete^on of, 214 
fat U»i, 17^175 
paBtcurizatioD m, 829 
tent bottUsB, 173 
Skorup, 403 * ii 7 

Slack’s counting apparatus, 417 
method of counting bacteria, 

Sliding rule, Richmond’s, 179 
Slimy milk, 3^385 
Slows, 474 

Small-top pails, 279-305 
Sn^ie venom, 241 
Snakeroot, 475 
Soapy milk, 386 , ,. . 

Sodium carbonate and bicarbonate in 
miyc, 225 
detection of, 229 
Soft cheese, 61 1, 619 
M bacteria, 343 
Solids in ico-cream, 632 . 
Solids-not-fat, 73 
determination of, 176 
specific gravity of, 65 
Solubility of casein, 88, 90 
of milk-fat, 80 
Sore throat, 440 
Sour milk cheese, 611 
• starter, 399 

Source of bacteria in cheese, 615 
in ice-cream, 643 
in milk, 258 
in udder, 268, 269 
of casein, 75 


of globulin, 75 
of lactalbiimin, 75 
of lactogtobulin, 75 
of lactose, 79 
of milk-fat, 76 
of milk-sugar, 78 
of niinetal constituents, 78 
Souring of milk, 264-2(«l, 340, 343, 
350, 381 
Sow’s milk, 70 
Soxhlet ether extractor, 148 
SpMific gravity, determination of. Hi¬ 
ll? 

of casein. 88 
of certified milk, 508 
of colostrum, 62, 63 
of human milk, 654 
of milk, 52, 65-67, 121,141-147 
solids, 65 
of milk-fat, 52 
plasma solids, 65 
rf solids-not-fat, 65 
of total solids, 6S 

heat, 68 , , ,, ui. 

Spence’s New York Board of Health 
lactometer, 143 
Spider v«iom, 241 


Smllmap’s acidity test, 199 
SpiriliiSn cholei®, 250 ^ 

Split-products of tryptic du^on, 89 
Spontaneous clmnges m milk, 128 
souring of milk, 264 
Spore-bearing bacteria.m imlk, 278, 
373 

Stabilizers in ice-cnuim, 633 
Stable air, bacteria in, 290 
construction of, 286-288 
disinfection of, 387, 457 
windows, 292 
Staggers, 474 
.Stanchions, 288 

.Standardization of tuberculin, 451 
Staphylococci, 346, 372 
Staphylococcus aureu^, 373 
maatitis, 463, 473 
Starter, artificial, 603 
mother, 604 
natural, 603 
Steam sterilizer for cans, 322 
Stearin, 80 

Sterilizers for bottles, 321 
for cans, 322 
Sterilizing ovens, 324 
Stilton cheese, 612, 623 
Stools, milking, 327 
Storoh’s test, 238, 507, .530 
Strainer pail, 297 
Strawberry odor in milk, 386 
Streaky butter, 607 
Streptobacillus Icbenis, 365, 366, 371, 

Streptococci, differentiation of, 467- 
473 

in ice-cream, 644 
in market milk, 275, 276, 424 
monihology of, 364 
thermal dcathpoint of, 534 
Streptococcus hollandicus, 341, 380, 
381 * 

laeticus, 265,275,276,291, IMl, U7- 
350, 354, 3.57, 364, 381, 3fa, 
398, 399, 400, 402, 472, 534, 
.5:15, 603, 604 

decomposition products of, 352 
distribution of, 3.50 
lactic acid produced by, 357 

longus, 364 _ 

mastitis, 441, 462-473 
pneumonite, 364 
pyogenes, ^6, 364 
Stringy milk, 380-385 
Strippings, 43, .55 
bacteria in, 270-272 
cells in,^^ 
composition of, 112 
fat in, 112 

Stutzer’s sediment test, 202 
Subcutaneous tuberculin test, 462 
Sucrate of lime, 220 
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' ifadt feedii^ fim 

-M itt.milk,^ 

alnege. 6ZS 

•' «urdlfo* of milk, 266, 386 
iMB (rf ioo-cream, 632 
^ksa cliociie, 612 
By^rtcnw of cream separation, 600 
of milk condensation, 649 
desiccation, 651 
modification, 585 
pasteurization, 513 


Tan. 404 
Taryk, 408 
Taste of milk, 6VI31 
&bnorTnttl| 

Tatte m^k, (55, 380, 400 
Tattmjolk, 380, 4(K) 

Teat, 46 
duct, 47 

Temperature of churning, 607 
resistance of rennin, Wi 
Test., albumin, 210 
alcohol, 207 
alizarol, 206 
anaphylactic, 246 
yCrnold’s, 238, 507 
Babcock, 1.5.5-164, 504 
benzidin, 238 
complement fixation, 245 
fermentation, 210 
for acidity, 196-200 
Farrin^on’s, 198 
Marshall’s, 198 
Manns’, 197 •• 

Publow s, 198 
Spillman’s, 199 
van Norman’s, 197 
for anaerobes, 427 
for anilin dyes, 221 
for annatto, 221 
for azo-dyes, 221 
for benzoic acid, 228, 507 
for borax and boric acid, 227, 506 
for caramel, 222 
for catalase, 237, 625 
for coloring matter, 221 
for colostrum, 246 
te form^dehyd, 22.5-227, 506 
for heated milk, 237, 238, 507, 540 
for ice-cream overrun, 635-637 
for mastitis milk, 246 
for nitrates^ 219 
for pasteunzed milk, 530, 640 
(or reductase, 239 
for rennin mhiWtion, 248 
for salicylic acid, 229 
for sediment, 200-207 
for sodium carbonate and bicar¬ 
bonate, 229 


Test for viscosity, 207 
rennet, 207 
Bchardinger’s, 239 
Steach’^ 238, 507, 580 
to distinguish human from cow's 
milk, 210 

Wisconsin curd, 210, 361, 624 
Tetanus antitoxin, 242 
Tewficose, 100 
Texture of butter, 599, 606 
of cheese, 617 
of icocream, 633 
'Ilian, 404 

nicoricB of lactation, 37 
Thermal deallipoint of lactic acid bac¬ 
teria, 534 

of mold H|K)rcs, 512 
of streptoeoeci, 634 . 
of tuls-rcle bacilli, 512 
Tliermoflora, 342 
Thickening ^onts, 219 
'ndstk- milking inai'bine, 307 
'riumderstoniiH, influence on milk, 133 
Tin cowj’293 
milk sami>ler, 139 
Tenney's sediment test, 205 
Torula amara. 386, 625 
'I'orul® in milk, 388 
Total llitrogen determination, 181 
solids, detemiination of, 176 
of ice-cream, 632 
specific cavity of, 66 
Toxins in milk, 240 
Tragacantli in ice-cream. 6.34 
Transmission of tiiliercuiosis, 4.58 
'h-an^rtation of milk, 327, 329, 551 
Trembles, 474 
Tributyrin, 79 
Triglycerids, 78 
Trikresol, 235 
Trowbriilge calibrator, 160 
Trypsin, 89 

Tryptic digestion of casein, 89 
1’ryptopban in cheese, 618 
Tsehoretan, 404 

'Tuliercle bacilli, bovine, 436, 445, 448, 
449, 468, 4.59, 460, 612 
human, 44.3, 445, 458, 460 
in butteri 447 
in buttenne, 447 
in buttermilk, 447 
in cheese, 447, 626 
in cow feces, 448 
in cream, 447 
in ictMueam, 447 
in market milk, 263, 446, 447 
in oleomargarine, 447 
thermal deathpoint of, 612 
Tuberculin, 449-4M 
test, 460, 454 
intradermal, 452 
ocular, 453 
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Tuberculip test, subcutaneous, 452 
Tuberculosis, 444 
antitonn, 457 
bovine, 444-461 
dia^osis of, 449 
eradication of, 455-457 
hunmn, 443, 445 
immunization against, 457 
in goats, 657 
occult, 454 
transmission of, 458 
vaccination against, 457 
Tubular type of pasteurizer, 514 
Turnip taste in butter, 607 
Tvaroii, 20 

Typhoid agglutination, 243 
bacilli in buttermilk, 399 
in cream, 399, 438 
in ice-eream, 644 
in milk, 433, 437 
carriers, 438 
fever, 437 
Tyrosin, 90, 618 
Tyrotlirix tenuis, 231 
Tyrotoxin, 626 


UddBr, 45 
Ba(!illus coli in, 276 
bacteria in, 267-278 
growth of bacteria in, 273 
kinds of bacteria in, 274 
micrococci in, 275 
micro-organisms in, 258, 267-278 
molds in, 276 
number of bacteria in, 274 
source of bacteria in, 268, 269 
spore-forming bacteria in, 276 
yeasts in, 276 
Ultimate follicle, 47, 48 
Ultra-violet rays, 541 
Uncle Sam’s three dairy herds, 574 
Underfeeding infants, 592 
Unorganized ferments, 230 
Urea, 78, 99 
Urgoutmk, 403 
Uric add, 99 


Vaccination against abortion, 477 
against tuberculosis, 4.57 
Vacuum cleaners tor cows. 285 
Van Norman’s aridity test, 197 
Van Slyke’s formula for casein, 108 
for skimmed milk, 214 
for watered milk, 215 
Van Slyke and Bosworth’s casein de¬ 
termination, 190 


Variability of compc^tum miUt, 105 
during lactetion period, 114 
Varieties of cheew, 512 
V^n lactation, 38 
Virulence numbri, 470 
Viscofi^, 65 
Viscosity of milk, 64 
Viscous milk, 380-385' 

Vitamins, 536 

Volatile acids, 71, 79, 80 

Volumetric casein determination, 185 


Water ill butter, 600 
Watered milk, detection of, 211 
formula lor, 215 
Water-ice, 630 

Wcmer-Schmidt’s fat determination, 
148 

Westphal balance, 142, 146 
Wet milking, 296 
Whey, 71, 370, 529 
albumin, 93 
butU’r, 608 
composition of, 74 
determination of fat m, 173 
lactobacilli in, 370 
media for lactobacilli, 627 
pasteurization of, 529 
White snakeroot, 475 
spots in cheese, 625 
Whole milk, 52 

Wisconsin curd test, 210, 361, 624 
Witch’s milk, 34, 38 
Wollny’s refractometer test for fat, 148 
for lactose, 196 
Working butter, 605 


Xanthin bases in milk, 99 
XanthophyU, 63, 221 


Yahocrt, 402 
Yaourt, 402 

Yeasts, lactose-fermenting, 100 
in milk, 265, 276, 388, 402 
in udder, 276 
Yellow cheese, 625 
milk, 379 

Yoghurt, 366, 402, 403 


Zakvaska, 402 

Zeiss butyrorefractometer, 149 
immersion refractometer, 217 
Zinc lactate, 358 
Zwarg, 20 









